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This report covers the results of the time domain 
electromagnetic (TDEM) survey performed by Blackhawk Geosciences, 
inc. (BGI) for Alpha U.S.A. Inc., (Alpha) on the Island o.f 
Molokai, Hawaii. The field work was done between November 29, 




Map the thickness of the brackish water basal lens 
underlying the western portion of the island. 
Identify areas of potential high level dike impounded 
ground water. 
To accomplish these objectives a total of 42 TDEM soundings 
were performed. These soundings were located on Alpha's property 
on Molokai and on Molokai Ranch property in areas that are of 





















2.0 SURVEY DESIGN AND DATA ACQUISITION 
2.1 GENERAL 
The survey was designed to evaluate the ground water 
resources underlying Alpha's property along with selected areas 
of the Molokai Ranch. The original scope of the survey was to 
evaluate only Alpha's property utilizing a scattered placement of 
TDEM soundings. This would allow a contour map of the depth to 
saline water to be generated. The objectives of the survey were 
changed upon arrival in Hawaii to cover a much larger area in 
approximately the same amount of time. To accomplish this, data 
acquisition was concentrated in areas with the highest potential 
for ground water resources. These areas consisted of: 
1. The northwest and southwest rift zones of West Molokai 
along with their intersection at Puu Nana. 
2. An area along a proposed brackish water pipeline in 
Kakaaukuu Gulch. 
3. An area of proposed brackish water development 
southeast of the airport. 
For optimum coverage within the available field time 
constraints, soundings were generally spread three to four 
thousand feet apart, along lines through the area of interest. 
Two cross-lines of soundings were made along the southwest rift 
zone to further evaluate these areas. In the area southeast of 
the Molokai airport a scattered pattern of soundings was used. 
2.2 LOGISTICS 
The geophysical survey was conducted by a two man crew from 
.BGI. Two local hires were used to assist in the field work. The 
equipment was transported in the field utilizing a half-ton four­
wheel drive pickup and a Jeep Wrangler. The general areas in 
which soundings were to be made was determined through 
discussions between BGI, Alpha, and Alpha's consulting 
hydrologist, Tom Nance. Specific sounding locations were decided 
in the field based primarily on access and the results of 
previous soundings. 
The soundings were plotted on a U.S.G.S. 1:25,000 scale map 
and are shown on Figure 2-1. These locations were surveyed witb 
compass and hip-chain from known locations such as road 
intersections. 
A daily log of field activities is given in Table 2-1. A. 
total of 13.5 days were spent acquiring data. Field work could 
not be done on December 9 due to heavy rains which made the dirt 




















field work. Ten of these soundings were on Alpha's property. 
The remaining 32 soundings were made on Molokai Ranch property in 
areas of interest to Alpha. 
2.3 DATA ACQUISITION 
All soundings were made utilizing the Geonics EM-37 TDEM 
system with a DAS-54 data logger. Equipment specifications are 
given in Appendix A. Transmitter loop sizes utilized were 
1,000 ft by 1,000 ft for 39 of the soundings; 150 ft by 150 ft 
for one sounding; and 400 ft by 400 ft for the remaining 
soundings. The transmitter loop size was determined by 
(i) available space for laying out the loops, and (ii) required 
depth of exploration. The current in the loops was 19 amps. The 
transmitter-receiver array used consisted of center-loop 
soundings. 
At the center of each transmitter loop the time derivative 
of the vertical magnetic field is measured at several different 
amplifier gains and opposite receiver polariiies. Two djfferent 
receiver coils with effective areas of 100 m and 1000 m were 
used. The base frequencies used were 3 Hz and 30 Hz. All data 
from the soundings were recorded on the DAS-54 data logger for 








































summary of daily field activities 
Activity 
Mobilize from Denver, CO to Honolulu, HI 
Mobilize from Honolulu to Molokai. Read loop 
00. One-half day of field work. 
Read loops 1 and 2 
Read loops 3, 4 and 5 
Read loops 6, 7 and 8 
Read loops 9r 10 and 11 
Read loops 12, 13, 14 and 15 
Read loops 16, 17 and 18 
Read loops 19, 20 and 21 
Read loops 22, 23 and 24 
Read loops 25, 26 and 27. 
Heavy rains would not allow off-road field 
work. 
Read loops 28, 29, 30 and 31 
Read loops 32, 33, 34 and 35 
Read loops 36, 37 and 38 
Read loops 39, 40 and 41 






















3.0 DATA PROCESSING 
The processing of the TDEM data consists of the following 
steps: 
1. The raw data at each station were edited and averaged 
together in pairs. 
2. Data pairs were edited for each base frequency and 
terminated at the point W'here excessive noise or 
minimum signal occurs. 
3. 
4. 
Data pairs and base frequencies are averaged together 
to form one data set over the largest time range 
possible. 
The data set produced in Step 3 is entered into an 
Automatic Ridge Regression Transient Inversion program. 
The inversion program transfers the data into apparent 
resistivity values vel!sus time. A starting geoelectric model 
(consisting of the number of layers, resistivities and 
thicknesses for each layer) is entered into the program. The 
inversion program then automatically adjusts the 111.0del para111.eters 
to obtain the best fit between the model and the field data. For 
all calculations a one-dimensional (horizontally layered) model 
is assumed. 
The results of the transient inversion program from a 
typical sounding (sounding 1) are shown in Figures 3 -1 and 3-2. 
Figure 3-1 shows the experimentally measured apparent resistivity 
data superimposed on the computed behavior (solid line) of 
subsurface resistivity layering that best matches the observed 
data. The resistivity layering of the best match is shown on the 
right. Figure 3-2 lists gate number, time, measured data, 
computed values, and errors for each time gate, as well as 
overall RMS error. The results of the 42 soundings are contained 
in Appendix B. 
5 
- - - - - ·- - - - - - - - - - - - - -
� 
--;;--..: .. _ 
nr, 01 j l) ,_ I I 
uU .L 
4 -r·-----------r-------- ·- r--------- ----- - - --1---------- -------� 
"' n 
.... 
1. . ., u -
I 
l . � I I 
�- ., o.oo-J 







































I I ! ... --� I 1 � -- � i I a� I ! 0--J � --. .i. j � i -1 a-� f' e n a g I j l I I J i 
I i 
I I 
� I ' ' 
1 ! i 
'+ I - --�- l-TTTTITf" ·---,---r-nTllTj-- --r·T--1 TmlJ- .T - -,-- I. rrTTT1 
--4 
10 0.001 0.01 
TIME <SEC) 
0. 1 1 















35. 4 M 
I 
! ------r--·- --
! 99. M 
-----�----- -- - -- - -L -- -
14. 1 
OHM-M EXAMPLE OF 
INVERSION RESULTS 
% ERROR: 1. 78 
CAL lBRAT I ON: 1 
OFFSET: 61. 0 M 
RAMP: 50. 0 
Blackhawk Geosciences 
FIGURE 3-1 
(ll)- 0 J 
EXAMPLE OF 
INVERSION DATA SHEET 











1 1 l � 
12 



























































.--: .• 79E+OO 
7.78E+OO 
7. 4:1E+CO 
7. 18E +00 
7. 12E +00 







,. -., 1 C> I • L 
4\S. t� 




































































R: 61 • X: 0. \ : 61 . DL: 122. REC�: 6.3. CF: 1 . 0000 
CLHZ ARRAY, 23 DATA POINTS, RAMP: 50.0 MICROSEC, DATA: 00-01 
RMS LOG ERROR: 7.67E-03, ANTILOG YIELDS 1.7g1o% 
LATE TIME PARAMETERS 
t B 1 3 c k h a t.J k G e o �. c i e n c e �. 
PARAMETER RESOLUTION MATRIX: 
"F" MEAN�:; FIXED F'ARAMETER 
F' 1 0.99 
p 2 -(),(12 0.01 
p ':> 
�· 
o.r:l::: () , (:() (). (, r:) 
p 4 0. (!�' o.on -0.01 ().93 
F' �· 0.0(1 -('t.(JJ -0. (i l - 0 .0 4  
T 1 -(•.(i2 -(i.(l(. (i • 1)::� o. o:::· 
T 2 f) . !�) !.�J (). c,:=, 1:1.CC (i. (J J 
!_·) • •  s::�f.) 
(,. ,:·,n 0.97 
(l .({I - 0 • 0 1 
T '=l () • (1"', n. n(·, --1·1. 1 9 -n. 1 ··;· -n. (Y�: () • () ,>;, 
* 
1 • (l(l 






















The results of the TDEM soundings is a geoelectric section 
consisting of various layers with certain resistivities and 
thickness.es. In order to meaningfully interpret the soundings 
the geoelectric section needs to be converted into a 
geohydrologic section. This is normally done by assigning rock 
types and/or pore water salinities to various ranges of 
resistivities. The optimUm method of determining characteristic 
ranges of resistivity is to obtain high quality electric logs 
fro� wells that penetrate different rock types and ground water 
salinities. For the Island of Molokai these types of logs were 
not available. In this case the correlation between 
resistivities and the geohydrologic section were made by several 
means. These include 
• test soundings 
e integration of known geology and sounding results 
• comparison with similar geohydrologic environments 
(primarily the Island of Hawaii). 
The geology of Molokai is described in BGI's report on the 
Resource Evaluation of the Island of Molokai, Hawaii. There are 
three main rock types on West Molokai. These are 
• lateritic soil 
• permeable pahoehoe and aa lava flows 
• relatively massive igneous intrusives. 
The lateritic soil is developed through intense weathering 
of the lava flows. This weathering profile probably extends into 
rocks beneath the soil zone. Because of this, the laterite zone 
as determined by electrical methods likely extends deeper than 
what would normally be considered strictly soil. 
The lava flows effect bulk resistivity primarily through 
variations in porosity which can range from 10% to 50%. This is 
probably the cause of an increase in resistivity seen at depth in 
many of the soundings. In sea water saturated rocks, it is 
common to observe a resistivity increase with depth which is from 
l�ss than 10 ohm-m up to 20 to 30 ohm-m. This is most likely due 
to a porosity decrease in the rocks due to either (i) change to a 
denser lava flow, or (ii) greater compaction of the lavas due to 
increased depth of burial. 
The TDEM survey did not identify massive igneous intrusives, 
although numerous dikes too small to be detected are present in 





















resistivities of greater than several hundred ohm-m and would be 
located at depth in the geohydrologic section. 
The second major factor affecting resistivity is the 
salinity of the contained ground water. The bulk resistivity of 
an unaltered or moderately altered rock unit is lowered 
significantly when it is saturated with saline water. This 
contrast in resistivity is readily detectable using electrical 
geophysical methods. From.the present work on Molokai it does 
not appear possible to distinguish whether a rock is unsaturated, 
saturated with fresh water, or saturated with brackish water (up 
to 2,000 ppm Cl). The literature states that the basal ground 
water lens is brackish in this portion of the island. In this 
report the basal lens will be referred to as brackish, although 
its salinity, which should be less than 2,000 ppm Cl, cannot be 
directly determined. 
The third factor affecting the resistivity of the 
geohydrologic section is the amount of clay contained within the 
unit. Increasing the amount of clay within a rock will generally 
decrease its bulk resistivity. Since clay is usually not a major 
primary component of volcanics the amount contained in a unit is 
a function of post-depositional alteration of the volcanics. 
This alteration may be due to hydrothermal systems or weathering. 
The assigned characteristic resistivity ranges are shown in 
Figure 4-1. The most extensive overlap of the ranges is between 
lateritic soil and fresh water saturated volcanic flows. Since 
significant thicknesses of lateritic soil occur only at the 
surface, these two units can be separated by position in the 
section. A distinction between intrusives and the resistive 
volcanic flows can also be made by their relative position in the 
geoelectric section. Intrusives of sufficient size to be 
detected are expected to occur at depth. Sea water saturated 
volcanics are not thought to occur beneath the intrusives. In 
the present survey no large intrusive bodies were directly 
identified. 
An important relationship used in the interpretation of the 
TDEM survey is the Ghyben-Herzberg principle. This principle 
states that for every foot the fresh water table stands above sea 
level, the base of the fresh water will be approximately 40 ft 
below sea level (Fig. 4-2). Utilizing this principle it is 
assumed that fresh or brackish water is present at a sounding 
location from approximately sea level down to the top of the 































Puu Nana Area 
Proposed brackish water line (Kakaaukuu Gulch) 
Proposed brackish water development (SE of Molokai 
airport). 
The two rifts merge in the area of Puu Nana. There is 
however a significant difference in the geohydrologic sections of 
the rifts in the area of Puu Nana. 
4.2.1 southwest Rift 
Alpha Property 
The results of the soundings over the Alpha Ranch p+operty 
are shown in Figures 4-3 and 4-4. From the data, brackish ground 
water appears to be contained in a basal lens situation. The 
depression of the saline water interface below sea level is not 
iarge in this area. Sounding 3 shows the thickest brackish water 
lens in this area which is approximately 120 ft. This lens, 
bowever, thins rapidly to only a few tens of feet in adjacent 
soundings. Based on the results of the soundings and the low 
recharge in the area of Alpha's property it is unlikely that a 
significant sustainable supply of fresh and/or brackish water is 
present. 
Molokai Ranch Property 
The Molokai Ranch property along the Southwest Rift is shown 
on Figures 4-3 and 4-5. The section shown on Figure 4-5 is 
consistent from soundings 10 through 17. The top of the saline 
water in these soundings is close to sea level, except for 
sounding 12 which shows it to be at approximately 300 ft below 
sea level. The basal lens detected in sounding 12 thins to less 
than 100 ft in the adjacent soundings and appears to be isolated 
possibly due to dike impoundment. 
Sounding 16 shows the lower conductive zone extending to 
230 ft above sea level. In the other soundings in the area, this 
lower zone is the result of saline water saturating the rocks. 
This is not likely the case for the portion of the zone (l_bove sea 
level. Most likely this anomalous conductive zone is caused by 




















4.2.2 Northwest Rift 
The soundings along the Northwest Rift �re shown in Figure 
4-6. Soundings 23 and 24 show a consistent geohydrologic 
section. The elevation of the top of the saline water ranges 
from 120 to 250 ft below sea level. Well #1, which is located 
adjacent to sounding 22, reports the brackish water table to be 
at an elevation of 5.6 ft above sea level. Using the Ghyben­
Herzberg principal the brackish-saline water interface should be 
approximately at 224 ft below sea level. This differs from 
sounding 22 which shows the saline interface to be at 115 ft. 
This difference may be due to several factors such as surveying 
errors in drill hole location, or a change in the brackish water 
lens over the years since the hole was drilled. The soundings 
adjacent to sounding 22 show the saline layer to be at depths 
consistent with the drill hole. 
Sounding 29 within the rift shows depth to the saline water 
to be 584 ft below sea level. This is over twice as far below 
sea level as adjacent sounding 24. · This rapid thickening of the 
basal lens is likely caused by vertical dikes which influence the 
ground water flow. 
4.2.3 PUU Nana 
The area of Puu Nana was the main vent area for the West 
Molokai volcanics. The geohydrologic section as interpreted from 
the 'i'DEM soundings is significantly di.fferent from those seen 
elsewhere on the island. The Puu Nana area is shown in soundings 
30 through 21 on Figure 4-3 and soundings 18 through 21 on 
Figure 4-6. The main feature in this area is the probable 
development of hydrothermal alteration, which is most likely 
associated with the vent. This alteration lowers the resistivity 
of the dry or brackish water saturated volcanic flows by 
increasing clay content and increasee; the resistivity of saline 
water saturated flows through a decrease in porosity. This 
causes an overlap.in the characteristic ranges of reSistivities 
between saline water saturated lenses and dry or brackish water 
saturated lenses, and prevents distinguishing between the two in 
the soundings. 
As can be seen from the cross sections, low resistivity 
material extends from well below sea level to several hundred 
feet above sea level in five of the six soundings in the Puu Nana 
region. Sounding 20 is significantly different from the other 
soundings in the area. It shows resistive m�terial (150 ohm-m) 
extending to a depth of approximately 1,100 ft below sea level. 
The relatively high resistivity of this zone indicates that sea 
water has not infiltrated into it. The isolation of the region 
is probably due to high angle dikes which prevents the influx of 








contained ground water in this resistive zone cannot be 
determ.ined. The rocks should, however, vary from being dry in 
the upper portion of the zone to being saturated with fresh to 
slightly brackish ground water in the lower portions. 
4.2.4 Proposed Brackish water Line (Kakaaukuu Gulch) 
The results of the five soundings from this area are shown 
in Figure 4-7. Soundings 32 through 34 show a relatively thin 
(< 100 ft thick) brackish water lens. In soundings 31 and 35 the 
lens thickens to over 300 ft. To explain the abrupt change in 
the thickness of the basal brackish water lens, a near-vertical 
damming structure such as a dike must exist between soundings 31 
and 32. It is likely that dikes occur in this area due to its 
proximity to the main volcanic vent at Puu Nana. 













Six soundings were made in this area to map the basal ground 
water lens. The results of these soundings are $hown in Figures 
4-8 through 4-10. Figure 4-10 shows the thickness of the 
brackish water lens increasing from south to north. 
Five of the six soundings show a consistent geohydrologic 
section. sounding 39, however, does not show a well-defined 
saline water interface below sea level. This sounding is similar 
to soundings in the area of Puu Nana which snow conductive 
material extending above sea level. This is probably caused by . 
hydrotbe::nnal fluids altering the rock and obscuring the 
difference in resistivities between saline water saturated rocks 
and dry to brackish water. saturated rocks. The source of this 
system may be the vent or intrusive present at Kualapuu which is 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 
The TDEM soundings were effective in outlining the 
geohydrologic system oil the Island of Molokai. The interface 
between saline ground water and the overlying brackish basal lens 
was cle�rly mapped· in most of the soundings. The soundings in 
which the interface was not detected are primarily in the area of 
the main West Molokai volcanic vent around Puu Nana. The 
interface is obscured in these soundings most likely by 
alteration of the volcanics due to large hydrothermal cells 
developed around the time of the eruptions. 
The results of the survey are summarized as follows: 
1. The brackish ground water basal lens detected on 
Alpha's property is relatively thin(< 120 ft). 
2. Along the Southwest Rift, Sounding 12 shows a basal 
lens approximately 350 ft thick. The lens thins 






Three of the soundings along the Northwest Rift Show a 
basal ground water lens 100 to 250 ft thick. 
Sounding 29 shows the lens thickening to around 600 ft. 
Sounding 20 in the area of :Puu Nana shows a zone 
extending to 1,100 ft below sea level in which no sea 
water has infiltrated. This is probably the result of 
dike impoundment. The saline water saturated boundary 
is obscured in adjacent soundings due to alteration. 
Soundings in the Kakaaukui Gulch area show an abrupt 
thickening of the basal groun<i water lens from less 
than 100 ft to over 300 ft. This is probably 
controlled by dike impoundment. 
The area soutneast of the Molokai airport shows a 
gradual thickening of the basal ground water lens from 
approximately 160 ft on the south near the quarry along 





















In expanding the survey from its original scope of covering 
Alpha's property to covering a large portion of Molokai Ranch, 
the density of soundings was decreased. In areas where a 
relatively thick basal ground water lens was identified, 
additional soundings are required to outline the lateral extent 
of the lens. Additional soundings are recommended in the 
following areas 
• adjacent to sounding 20 near Puu Nana 
• perpendicular to the line of soundings in the Northwest 
Rift at sounding 29 
• in the area of Kakaaukui Gulch near soundings 31 and 35 
• in the area southwest of the Molokai airport if 
additional detail is required. 
The locations and number of soundings required for each area 
woulq be determined based on Alpha's specific objectives for each 
area. 
12 
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See Figure 1 
3Hz or 30Hz in countries using 60 Hz powe.r line 
frequency; 2. 5Hz or 25Hz in countries using 50Hz 
power 1 ine freq uency ;  all four base frequencies 
are switch se lectable. 
fast 1 in ear turn-ff of maximum 300 usee. at 20 
amps into 300x600m loQp. Decreases proportionally 
with current and loop area� to minimum of 20 
usee. ActtJal value of A t read on front panel 
meter. 
any dimensions from 40mx40m to 300mx600m maximum 
at 20 ar:nps. Larger dimensions at reduced current. 
Transmitter output voltage switch adj ustabe for 
smaller lo ops. Val ue of loop resistance read from 
front panel meter; resistance must be greater than 
1 ohm on lowest voltage setting to prevent 
overload. 
circuit break.er protecti on against input 
over-voltage; instantaneous solid st�te protection 
against output short circuit; automatically resets 
on removal of short circuit. Input voltage, out­
put voltage and current indicated on front panel 
meter. 
160 volts (zero to peale ) rnaximur:n; 
20 volts (zero to peak) minimum 
2.8 kw maximum 
1800m. #10 copper wire PVC insulated with nylon 
j acket; transmitter wire contai ned on 6 reels 
(supplied); 2 reel winders supplied. 
5 HP Honda gasoline engine co upled to 120 volt, 3 
pha.se, 400Hz alternator. Approximately 8 hours 







Receiver Output Noise 
Output Connector 
Synchronization to TX 





time rate of decay of magnetic flux along 3 axes. 
air-cored coil of bandwidth 40 kHz; 1m dia. by 
7cmx5cm cross-section. Coil holder supplied to 
facilitate measurement along 3 axes. 
20 time channels with locations and widths a� 
shown in Figure 2. Successive operation at 30Hz, 
then 3Hz, effectively gives 30 channels covering 
range from 80 usee. to 80msec. 
4 digit plus sign LEO display; display also show� 
channel number and gain. 
2n cycles at 30 Hz; n=4,6,8,10,12,14 (switch 
selectable); simi 1 ar integration times at other 
base frequencies. 
typically 1.5x1o-10 volt/m2 at last gate 
at 30 Hz with integration time of 34 seconds. 
Noise will be higher during intense local spherics 
activity. 
all 20 channels in analog format and house­
keeping functions in digital format available from 
output connector. 
any of the following (switch selectable) 
(1) reference cable 
(2) primary pulse 
(3) 27 MHz radio link {40 channels) 
{4) high stability {oven controlled) quartz 
crystals. 
Selective clipping of atmospheric noise pluses at 
all time.s. Audio output of RX coil {transmitter 
pulse blanked out) is available on built-in loud 
speaker for ready indentification of interference. 
12 volt rechargeable Gel�cell; 9 hours continuous 
operating time at 170C. TWo batteries an d a 
battery charger supplied to permit cha rging of 
second battery from transmitter motor generator 
during survey. 
l(t) 





Transmitter Current Waveform 
FIG. 1 
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1. -PHYSICAL 







Power Save t.t>de 
Display Heater 
Analog Inputs 
Analog Input Impedance 
Digital Inputs 
Digital Input Impedance 
Analog to Digital Converter 
Signal Resolution • 
4. INPUf AND OtiTPUf CONNECTlONS. 
Input Data Via 
- 16 X 23 X 21 CJIL 
- 3.1 kg 
- -30°C to +60°C 
- SOOmA at 12 volts = 6.00 watts 
- 27SrnA at 12 volts = 3.30 watts 
- 600mA at 12 volts= 7.2 watts 
(Only when it tunis on)_ 
- ±7 volts maxjmum 
- Single ended (Signal Ground is return) 
- Approximately 220Kn minilm.Jm each line 
- All lines except Integration Time 
+ 12 V = HIGH = Logic 1 
OV = LOW = Logic 0 
- Integration Time _ 
+ 8 V = HIGH = Logic 1 
OV = LOW = Logic 0 
- Single ended (Power Ground is return) 
- All lines except Integration Time 
Approximately 23Kn minilm.Dn each line 
- Integration Time 
Approximately 15Kn J$limum each line 
- 12 bits plus sign (13 bits) resolution 
(M)S Dual Slope Integrating type 
- 7.000 V/4096 = 1.709 mV 
- keyboards and SO pin ''D" comector 
AMP P/N 205869-2. 
Pin assignments for the connector are as follows: 
PIN DESCRIPTION �lN DESCRIPTION 
-·
1 Ch1 5 ChS 
2 Ch2 6 Ch6 
:3 Ch3 7 Ch7 
4 Ch4 8 Ch8 


































































Integration Time TO (LSB) 





























Mode " (LSB) 
Freq (LSB) 


























INPUT AND OlJIJ>trr .CONNECflONS (continued) 
PIN 
27 . Z6 25 
0 0 0 
0 0 l 
0 1 0 
1 0 . 0 
GAIN 
3 2 1 
0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 
1 0 0 
1 0 0 
• 































- Standard RS-Z32C port a t5 pin ''D" 
connector 































Power Save • 
L------------·-------··--.--.-. -·-- .·-··-· -.-'--.,---
Page 4 
- CMOS STATIC RAM with Battery back-up. 
- with 32K bytes of memory, 511 records; 
- with 64K bytes of memory, 959 records. 
- One record of 22 analog channels, 6 
digital channels, and the header, takes 
about 17 seconds. 
- 22 which consist of: 
1 Primary field channel; 
1 Turn-of£ (T/0) channel; 
20 Output channels. 
- 6 which consist of the M:>de; Sync. Mode; 
Freq.; Gain; Integration time; and 
Polatity. 
· - 5 user .inputs which consist of the Day; 
t.t>nth; Line; Station; and Component. . 
- Two (sealed) ; one for header infonnation; 
one for numerals. 
- 16 Character alphanumeric LCD with 
heater for low temperature capability. 
Heater switches on and off automatically 
as necessary when the temperature drops 
to about 3°C. 
- Data can easily be recalled to the 
display. 
- Allows shutdown of some of the circuitry 
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3. 2t;E +0() 
3. 04E +O(l 
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4 1•77E-04 8.04E+Ol 7.99E+01 0.600 












:,, 20E+Ol 0. 2':)2 
�:. 4 • . 4-.:;E -()4 ,_, 4.94E+01 4.97E-+01 -t): t_,(J:,·· 
•:,. 
... : .. 64E -0,4 4.81E+01 4.8?Et01 -·]. 21 f', 
10 7. 13E-,.!)4 4.94E+01 4. 8�5E +01 1 • 72(! 




L 1 . 1 OE -0::: :�. 32E +0 1 .· :, • 43E +0 1 -2.093 
1 :;: 1.41E-03 S.?.3E+Ol' :�. 74E+Ol ().8,03 
14 1 • .SOE -C3 6. 1 :1E +0 1 6.00E+Ol 2.4.30 
1 :1 2. 22E -l)3 6.44E+(!J 6.34E+01 1 • :,04 
16 2.83E-03 6.13E+Ol 6.08E+Ol ().735 
1 � 
" ( 3. s:,E-0:3 : • •  t,?E+Ol :�.?4E+01 -l·L'11 
H> 4.43E-03 S.34E+Ol. S .49E + 01 -2 .. 303 
1 .-. 
l 7 :�. t=4E -()2: 4.84E'+Ol 4.82E+Ol 0.496 
2C: ?.13E-03 4.41E+Ol 4.40[;+01 .. 0.219 
21 8 . .31E-03 4 • 1 ::� E+ 0 1 . 4.01E+01 . 2 .  �3-l�;-8 
22 1.10E.:...02 . ..•.. 3·; :,�'E.-+;01 . , 3 .:�t���.§>:Ql : --":·:�:,2J,;�-��!84 
F:: 1:,0. >:•: () Y • 1 c:,c [IL·· �·en REC • 1 ·.,., CF • 1 rlr"lt"l(l .•' • - . • ·- -�.l • . . • -· .:) _J_.;. • . ' :;.1-� .··. j ·t� ( • ..: . . : ·.• . -�- -�- ... �- . . CLHZ ARRAY • 22 DATA PO I N TS·· RAMP: - 1�-0·d) 1"'11 CRCJSEC. QATA: 00- 1 4  
Rl"lS.LOG.ERROR: . .  9.(>.1E-O:�;; AI'-JT.lLCJG YlEL.D::; - . - . • 2 . 2(;4:J · �� 
LATE t I �lE . PAR AhETE R.�: 
.. . . . 
< : :- .: . . ' . ·'·',_-'·; ·;·.. <-' '• ';" 
Bl�ck�awk Geosciences 
F'to.�:AMETER F:E$OLUTim.J MATRIX·: 
"F" MEAf'·.J�; FIXED PARAr-JE TE R 
F' 1 0. 37 . 
F' 2 o.1;: o.r:�::: 
p 3 0.01 0.06 0.06 
P 4 -O.OJ 0.01 -0;03 0.20 
T 1 (1. (J.)i!, (1. 07 �c�. 07 0. (14 · r). ::: :, 
1 2 -0.07 -0.44 �0.11 0·03 0.10 0.44 
1 ::< ( : • (!! -� o ; r) r:' o . 1 c' o . 1 .�; Ci • c;;· :.._ o . (1 1 
F' 1 P ·:� · P ::: - · F' :1 r 1 T 2 




:..:-�- __ -:- _:: .. :. '·· . . . •:_ 
' ". 
:.::� ( : ; i 
- ·---------:- - ... :.·-··:- -







- 4 ·:;r----�- --- --�-�-T·�-�---�-�- -T- .. -·--- ---�---·--- --_::·---·-·---, 
� ' :·· ' .,: ' 
. ' 
. � l • 10  . ' ; . '.; ·. ' ' . ·. . . 
� .· 
. · ' . 
" ,:_ �. : . -::·�· � ' ' .
.
.. , . j.' ' 
2 I· 
� 1000_..; 













































· ·' ' 
·. l 
10� ..... 
















� ' . . , 





I ll: : ..• ;· 
'1 i .•··. . ....•...••. ·.· . · \) • : .·· . . .1 
. +-·r-rr,·;Jarl . t-r1;-+nTr;---r-ra. a' •rrr----r--.r n� 
-5 
10 
,· , -4 







•·. T{�E {SEC) k Geosciences 
II
' 





r-10[1EL: 3 LAYER::; 
RESISTIV TV THICKNESS 
\. (lHM-t·J d'1) 
2'?l. S':3 
278. S'·3 
·. 9(1 .-[:; -
2t:�2.9-
cil:)- J �. 
ELEVATION . 
CM) (FEET) 
3·��·.;.1 � 9 
249.0' 
-1:3.::� 
1115 .• 0 
817. (1-. 
-4 :� .. 4 
. C Cl N [I U C TAN C E ( �:: ) 
LAYER TCJTAL 






-· · · , . -
, ;.:· .. -. 
J 1 ._7C; 
- . t1riE� 1.. . 1 · .. -:: .. 90E�ry:) 
.. : . -:.: . �:��f· � ·,;,. _ _  
�tfATA ��,'icx�����,� .:;;��ii4-��� ;'c����r;¥�\�::: 
!q : ';, · " ;�:,��;(,�����!;:· ;:,cr 
. 
5 2.20�-04 7.42E�Ol 
I 

































21 e� . . 31 E_-:.c,;; 
2 2 1 . 1 OE -0 2 




:) • 54E +C.Il 
s.:37E+01 








5 . 8�E+01 
S.29E+Ol 
4. �;SE+Ol 
4. 1 t;E+t)l 
:3. 92E +0 1 
. . ··�: . . 3.t�E-_+.r)·J 
















-1 . :}41 




1 • 1 :23 
�] • 700 
-1.91::3 










:�: f�-�:gi '_._.·><;:=��:'�,!fr�*-,·· .... 






CLHZ ARRAY, 24 OATk POINTS, RAMP: - ,·..; (, ,-1 MJ-CRr:;.:-c.-C·- ·r''"'''-
·
· J.(.l.._, t\_... 11· l_J,_� '·t' L1t""'1 fr.4 
Fn+:: LOG ER ROR:· . L 21·E-""Cl2, .= A�:J-fiLr5i:J -�,;.lftTr§_:-::.: :>�:�2�.,{S�J2:. 
LATE TIME PAFMMETERS . ·"-'. 
* ·Blackhawk Geos(ien�es 
F'ARA'lETE F.: RE�:OU.IT 1 ON f1AT R l }.: : 
"F" f'!EAf-J·:; Fl�<EC1 PAF.�r:::;r;1ETEf;: . .  
p 1 (1. 99 
p 2 -(i • (; 1 0 • 1 2 
P ::: I�:.CJ(J �(.t.-(.1:• Cr.S''";; 
r 1 �o.o1 �o.12 o.o1 o.97 






































'· { � - l 
:·:*!�·::of o·· r+. L ·· · '1:'�-.i.;l' .. j· · ·:E·. · ... ·I·. �tJ;�i�;:·��� :� - ' ·.: ;:·;:�. ,, • 
I 
3:0� 2 M 
, , 
1000 ,.'. ' ·  
J 
I 
: ·. ,\. 
. -:�:. 
. na��'''"·.. ... .. 14 9 M ����fpt �r�.:L ·. : 
>'. 
. . . � ) 
:.·\· 
. ' lt ... ' .... . . �., ·t �H•. }. 
-��:;�;r.;.: ;�k_i;;-· .. .·•!\·!��·' ,, :< . .  }l!i�j�;;::�f;i_�:.' l•·llt�a· 








·;;.:Jf�j-�i;il:: :. _:.:;��-; ···t:ILI�M M . ;�,, ' 
1 . . . � �; ;• ' '�Jil�:lf 1[�:1: . J . , ,· i'i•·•· • 1 ,·, 11111 • • 1 111111 1 • • • 11n� :; .. �·�[�lr·ERRORt,..· . 1 60 
..;.s. -4· . 
10 
·: .. .. l·>o·· 
,. 
. �' ,!':·o ··o·ol -�:.' ;: ' .- . ' ._.- .. D. 01 
: -�-r� �tn�� i.! - .:l;·r _·:-�·:r • 
'· �� lf{:�Jil� BR�!T:I ON: 1 
:�':ffn�FSETLJ; :., 150 M D. l,�;��lP>ii"'�i�j::: ··��j;.:,; . :q: i ;�'.tp .. ;.,lt80 0 
M 
. .. , r1;,1 [1[;1'!'1 · • . 'J i: . • ··1}1iifif3fill,t:JckHciwk Geosc i encgs 
· �t!l�::i.[L · .i[ki; • 





I .. �1C![1EL:. . 4 LAVERS -· 
RESISTIVITY THICKNESS 
·•OHI1-r1> _(n) 
49. 4:· �t(). �-
7 � (��8 14. •;.· 
1 .:J, L: • -.7 -::� : � ·. :�_:tS() . . 2· 
· . . 14 .':i2l. 
(11�.1- I f. 
ELE\)ATIOf'.l 
(f'l.i <FEETl 
. : 37'4. ··;J· 




CONDUCTANCE ( -::;) 
LP.YER 1CITAL 
.,.:· . .-o. ;:,· .·.· . ·., .. 
. - . . -
-¥��!-� 
4 1.77E�04 8;27E+01 8.30E+Ol -0�431 
5 2·20E-04 6.94E+01 6;96E+OJ _�0.281 
6 2.80E-04 S .89E+O l S.9SE+01 -0.976 
7 3.SSE-04 5.34E+Ol S.34E+01 �o.054 
8 4.43E�04. S.04E+01 S.OSE+Ol �0.236 
9 5.64E-04 4.89E+01 4.88E+01 0.145 
10 7i!3E-04 · 4 . 96E+O l 4.82E+01 3.039 
11 t; . . �>lE-04 4.93[+01 '5.01E+Ol -J .602 
12 1.10t-03 5.12�+01 S.21E+Ol -1.638 
13 1.41E-03 5.37E+01 s�39E+01 -0.423 
14 l.BOE-03 5.61E+01 5.57E+01 0.640 
15 2.22E-03 S.82E+Ol 5.75E+Ol. 1.277 
16 ?.83E-03 S.56E+01 S . 48E+O l 1.387 
17 ).SSE-03 5.20E+01 5.22E+Ol -0.431 
18 4 . 4 3 E-03 4.90E+Ol 4.97E+Ol -1.402 
19 : •. 64t -03 4. 40E +0 1 4 • .4:1E+O 1 . -1 . _().��7 · 
":>() -, ·lr-lf=-l'lr-' .. . 4 · 14·E·+(·I}·. 4.'.1')[-f.()l." ('1 ·:,1:3·.1 
.
. · 
·.,·;· .. <-:' . ." 
'- •• ( • ·- - -· .,:) • - ...  • L_ __ , -· • oJ.ot 
.-, 1 o '· i r- ,-.. -, -� . ·u;..,E (·' 
.. -, '·r··E c·' C.l .::_.4('. . . L <.. ,,(,..Lt:,-:.).:) ._r•O-:' +)1 ·D.•-C�_ .. ) .+ .IJ..- · ·•'/ �.J·_· _ ... '-<.: .: . . _·.-· ·· 
. 22 • . 1 .1 UE -02 , · �i.:4?'E+LI:i: .. : · :.:j .,:l(bt*:���T-·: ,����r�'(:'}':T����:��J3;{.r�ii�1:tp:
:f:�·:,>·�·- .. 
R: 1�0. X! .. ... � _, • . · '·c:- -�·: .
. 
·· _ . -• . · .-) -.'t
. ·-,· · ·: .. .. .  ·.:_;.::. •. ��-.:-.·:_.� · .  · . _.: ·-...·
· -� u. 'r. -LA'· DL • .  .:.cO. REO • . . 1�;: .• r. ,_.F.: J .0000 .. 
· CLHZ ARRAY, 2'�' ···DATA F't"H rxns RA!'1P •
· 
· 1' F h 0. t·IJ C R;lc;E C' . ['.AT A·· :1-...,n"" u: '· · - ' . - •· _.1 • 'M····'·· :. ' .: . •., _: "• -�·) '::-'·, . ;.
. 
. 
• ." "�- ;=�· o.i �.' -� _., • � _ . ,• ·-; -· ' • ' _) 
Rnt: LOi� ERF:OF;: •. . 
· 
. . (:,. t;9E-�o3, ANl'iLt)Ci, Ylt:Lt1::;. · 
LATE. TIME F'ARAI.1ElERS ,·' .. 
. 
.
:. . . 
-. :. . . "'· 
:+- elackhawk G�osciences 
· F't:F'A'-r·�E T :::- F· RE cr:Lii'TTrif·' �1AT RJ -�- · :· .,. i \ r• I . L. • .  ' ·-1 ._. ,•· • - ... \1 · . . · \ .• · 
"F" l'lEAf·�<:; r 1 I<ED F'ARAnETER · 
F' "1 ().34 
p L' 0. 1-4 f). �5;� 
p :· 0. (J 1 0. rf;• 1:1 , 1 '? 
F' 4 -- ( t.t:>l 0�01 -0.03 . 0.27 
'T 1 (:. 1 2· I (J.r)8 -·(!.(_t·;�. ()t(.U� ()· •. t.L3 
T 2 ��J • (;.�:; -· t�J • 4 ::� -{• .14 
..
. 
T ' :··. (>(< ···' --: i. CJ .l (t. 1 !4 
(J. ()3 
('!. '2] . 
. i). 1)9 ·. t). 42 
tOJ it)? r). r)r:.1 (). "1'3:'1 ·�; 
r:• J r, r-
,, __ 
F• -:, F' 4 -i 1 l' .-, I L 'T ' 1 -, 
-
·.
-·,.· · . . ·;r 
* '  
-
"· 
;� -� ' 




· '  !-·-·r 
! i 
. ;.ltn 
· . o::o -
. 1 7 � 0DEL: 
4 3 1 . 1 1 1 .c.;r . · ... · · · I 10 :J . 
.• 
. 
. :���\?.4 ·. ••...•••... • . .  
• :·.uo'HM-M ·· �-. · SS. 9 ·M 
v. ,' ' 
I . :::E .1000 , ·  
�t:l!j;·f,: · .•. • •· I . 





























·/ '·; · 
'·· 




. ·� ;:· . ·:� 
1���: M 
- -:A�:�_ ti�':; • 
�:i l j 
··., 
.. ,:--- · 











. 337. M 
· L 
. I I IIIII! I I .1 I IIIIJ I 1 1 111111 :.�::�i·:·ERRDR: . 4. 81 . . ·.·tALIBRATlDN: 1 
D.D01 0.01 0. 1. OfFSET:· 150 M ::�iAMP: 180. 0 
TIME <SEC) ·. :);Siackhcwk Geosciencgs . ! • 






















320. o · 1 o:�o. o · 17·r-· . . . . s;c r:::: . - •_L) -�_c, ·-� 
CONDUCTANCE <S> 
LAVER TOTAL 
1 • 6 
1.8 
























I TIMES DATA CALC % E:R RCiR STD ERR .. . . 
:.��:� . 1 ���·· 
4 1.77E-04 9.13E+Ol 8�98E+Ol 1.667 
·�-
s 2.2oE� o4 7.44E+Ol 7.37£+01 o.939 
6 2.80E-04 6.09E+Ol 6.14E+Ol -0.809 
7 3.55E-04 5.24E+Ol 5.34E+Ol -1�824 
8 4.43E-04 4.72E+Ol 4.8SE+01 �2.678 I 9 5.64E-04 4.37E+Ol 4.53E+Ol -3.422 10 7.13E-04 4�35E+Ol 4.39E+Ol �1.054 
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I 15 2.22E-03 5.74E+01 S.S9E+Ol 2.567 16 2.85E-03 6.17E+01 6.01E+01 2.717 17 3.60E-03 S.97E+Ol 6.15E+Ol -2.908 
18 4.43E�03 S.61E+01 5.96E+Ol �s.903 I 19 :J.64E-03 5.30E+01 S.39E+01 -1.687 20 7.13E·-03 4.74E+Ol 4.67E+01 1.489 · · ·  · 
· . . 
I 




o � . 












-... . _; ' , . 
� . ' . :· ·· . .  -
RMS LOG ERRO�: 2.04E-02j AN11LOG YIELDS 













·, -· -;_ -�-·- . :::  .. ; . 
• '  
* glackh��k Geosci�nces 
PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETER 
p 1 0.68 
p 2 0.22 0.36 
p 3 o.os 0.08 0.10 
p 4 -0.01 o.oo -o.os o ·.o4 
T 1 0.19 �0.13 -O.l4 0.04 0.45 
T 2 -0.16 -0.33 -0.11 0.02 0.20 0.32 
T 3 "-0.02 0.02 o.o7 ,...o.o2 o.o7 "'"o.ot . p 1 p 2 p 3 p 4 T 1 T 2 
:- .. :·.·:·· 
. * 
0.92 
T 3 • 
·.,
. 



















. i:···; . . · . 
·'!MODEL: '" 
. . . !. 





























· . .';i81.i;:>73 
.\;lA:r;·�· .· •;;QUM· M :r!· n -� ·.-,; 
•••. ill:���· (' • 
> ul 
15. 4 M: 
. ,' :�:,BB9 .. 
. )�o�:M:...M 267. M: 
: ' i�[J��f  M ti�;i!}f�-- .•. 







· . �k c·'ll ·! . .. . -:c:�L [BRAT I ON: 1 : ·t .. · �� 
0. 1 ·:!�fF;",SET: 150 M 
;(IR�'MP: · 180. 0 . ! l, :.j_ �:' . -
: '�i�I�:rockhawk Geese i encgs ;-�;� ��.r:�. . 
. ;�;:·).J.· ·_: �· i 
I 
00-lB 
· MODEL: 4'LAYERS 
I 
I 
I RESISTIVITY THJCKNESS ELEVATION CONDUCTANCE <S> <OH�1-M) CM) <M> <FEET> �AVER TOTAL 
53. <:�o 
I 8.73 208.74 24.21 ·.· 
40.5 
1 :-,. 4. 
267.1 
4 10.0 1345.0 
369.4 12 12.0 
3:)4 . 0 1 161 . 5 
87 � 0 . . 28�). 3 .· . . - ·. · . 
0.8 
) .. 8 
.-.:. J. 3 ,:' 
I. TIMES DATA · .. . . C�LC % ERROR . �.TO ERR 
,_, . .. , .•.•.. . oc. , :-· J · .. r. i.OE_.:64: . l _�'_4-*�·t.Q}.:·:.-�··�i':2���� :·v,-:, --::� .. : ];-"·'""'�:. --�- · · · · · · 2 --'--1 4·oE·co4 · · · 1 ·lsE+G"'- - '1-:·"l'S'E+'O.'� ·.:·��---·:o" 
. ·· . · : · .  ,_. · 3 .• :.1.: 77E � o'4 · ·:�;9 :�-�7·�·+'b'f:':•�:::;I9c:21;6t)'q:t7�'·;�i�:;:,-�;$��Mfft'�'·�'�"' 
4 2.20E-04 7.8SE+0 1 7.82E+Ol . 0.4 
I 5 2.80E�0 4 6.7SE+0 1 6.74E+Ol 0.05 1 6 3.55E-04 6.10E+0 1 6.12�+0 1 -0.28 1 
7 4. 43E -04 5. 7:-,E +0 1 5. 80E+OJ -0. 707 
I 8 S.6 4. E- 64 5.55�+01 5.S7t+01 -0�3.45 9 7�13�-04. 5.66E+0 1 5.59E+Ol 1.253 10 8. 8 1 E-04 5.74E+0 1 5.83E+Ol -1.458 
1 1  1. 10E-03 6.04E+01 5.99E+0 1 0.683 
I 12 1 • 4 1  E -03 · 6. 15E +0 1 6. 25E +0 1 .,..1 . 6 73 13 1.80E-03 6.72E+0 1 6.59E+0 1 1�880 
14 2.2 1E-03 6.77E+0 1 6.76E+01 0. 182 
I 15 2.83E-03 6.62E+Ol 6.49E+Ol 2.046 16 3.SSE-03 6.32E+Ol 6.49E+0 1 . �2.579 17 4.43E-03 6.06E+0 1 6. 12E+01 -0.880 
I 18 5. 64E -03 5. 75E +0 1 · 5. 68E +0 1 1 . 270 19 7. 13E-0 3 5.39E+Ol 5.39E+01 0.032 
0.8 
2.5 ' .. 3. 8 - ' ' 










R: 1 :,o. X: 0. Y: . 150. DL: -300. REQ:. · 16 7. · CF: 1 • 0000 . . · . CLHZ ARRA\,.., ) 9 DATA· POINTS, · RAMp:(. i'8Q�·o'Tt}}GB.Q$E.'q'{.;�Ei�·:rA··:. �)·�r::..} .. �;:·:��:-� :.:� 
RMS LOG ERROR: · . 7. 47E ..,.o:;:, ANTILOG Y IELOS 
LATE Tl�1E F'ARAMETERS. . . . ·· .
. 
·.· 
1:7341. % .· 




p 1 0.38 
p 2 0. 18 
P 3. o.o 1 
P 4 o.oo 
T l 0. 16 
T 2 -0. 12 
T 3 0.00 
p 1 
-.: .· · 
•• : ' ·., • • . .  ,. '" .;· 
j ••• ' ,  
91�ckhawk Geosti��ces 
RESOLUTION MATRIX :. · . 
FI XED PARAMETE R 
0. 49 
o. 07 . 0. 0� 
0. 00 ·. o. 00 
0.05 -0.08 
o. Hi 
0.04 0 • .5 1 
-"-0•43 -0. 10 0.03 0. 11 0.42 
o.oo 0. 13 o.24 �o.o1 -o.o3 














- - - - -




















· , , ,  
.. . 
· .. { �­,_;.---MiG-DEL: 
. , d. r'.:- .· 
;\ . -- I 32U5-
0H:t�f M 30 . 3 M 
;, I -� 1000 . �'.\ 
























. - , 





; - ' . , 
1 I I I I I I I iii I .• •, I I I iii •• I I I I I Iii I I I I I I ill 
_ _  :�·:mm .. $'(13' ' , .. OMII�r, 
��!lf[!�; 
O!Hft�f':.� ···•:llii!t': 





10 Q .• 001 0.01 
%.:;;;,ER.ROR: 2 . 31 CAtt£!1BRATION: 1 
0 . 1 oeffi��ET: . . .  152. M RAtM'Pt' 180.0 . 
:fflrackhawk Geosc ien:ces :.:� i�::-. 1 TIME (SEC) 




















·0 .• 8 ·1 . •  7·· 
2·6 4�4 







TIMES DATA CALC % ERROR StO �RR 
t��� � � 
4 1.77E-04 9.16E+01 ·. 9.20E+01 -0.�08 
5 2.20E-04 7.97E+01 8.0SE+Ol -0.951 
6 2.80E-04 7.07E+01 7.18E+Ol -1.605 
7 3.55E-04 §.66E+Ol 6.�7E+Ol -0.270 
8 4.43E-04 6'44E+01 6.43E+Ol 0;206 
9 5.64E-04 6.34E+Ol 6.27E+Ol 1.067 
10 7�13E-04 6.42E+Ol 6.24E+Ol 2.902 
11 8.81E-04 6.30E+01 6.34E+01 -0.725 
12 1.10E-03 6.39E+Ol 6.50E+Ol -1.695 
13 1.41E-03 6.51E+Ol 6�48E+Ol 0.405 
14 1.80E-03 6.64E+01 6.68E+Ol -0.650 
15 2.22E-03 6.81E+Ol 6.71E+01 1.393 
16 2.83E-03 6.57E+Ol 6.46E+01 1.722 
17 3.S5E-03 6.18E+01 6.48E+01 -4.549 
18 4.43E-03 6.26E+01 6.24E+01 0.223 
19 5.64E-03 6.07E+01 5.98E+01 . 1.505 
20 7. 13E -03 :, . 88E +0 1 5. 79E +0 l · . 1. §65 . 
21 8.81E-03 ·-.5.68E+Ol · .. · S.62E+Ol _.· .1.J14, C ·· ... · ·  .. . .. .. ... :, ... .. > . . �- . · · ;· 22 . .1 • 1 OE -:02 · · ;J:, 31 E+Ol�: _.. :,s-.��:;t+(ti �aF8if3�:: �'2:>·�-·;.�;;:�::  �::p::::··��:�-:;,�,��:�::3·'�::�Tr�.;�./_=:t::�::�_ 






· ·  · · 
R · 1 c: 2 x • 
· o· · ... Y �- · ·1·5·
. ·
2· :
. ·o· L. · • ·6o.:: RE
·G· · )1 









·o· · ·· · .
. 















. •· . ·' .. CLHZ ARRAY,: 23 [lATA PCI NT$'i RAf1P: :_l'80.-0f1ICROSE�(:,''t/A,tA':.'()O..:l:9·· 
RMS LOG ERROR: 9, 93E --03, ·A�ti.COG -vf-�L bs'· .
. 
·" :2·�·318i .% · 
LATE TIME PARAMETERS . " . . . . . . . . . , .. .. . . . . 
* ·  
PARA�1ETER 
"F" MEANS 
p 1 (l.96 
p 2 (l,Q5 
p 3 . o.oo 
F' 4 o.oo 
T 1 o.os 





Blackhaw� Geoscience� ' * 







0.02 ·. o.os 





P 4 T 1 
0.36 
o.o2 o�91 
T 2 T 3 · 
·<: 


































' "; � . 
; .. 
1 I I I I I 1.1111 , I I I I 1111 I I I I 1.1111 I I I I I ••• 1 




� . '  




OHM\'·:M :-· !;. .{· • 
:.: _�,· 
15 
. . 4';:;:,. • . 
j V • . :.! 
OH.·M·· 4·,•M . . ,<_ 
•, � ;. . ' 
\. �-
f�·�·�( 
0. ui:.. i· . . M
·· 
rila:ra-�: :-










' ,t � 
r{j 
!I 
-� : �. � . I 
- ��� 





% ::ERROR: 4. 14 
CAILiifBRATION: 1 -5 
10 
-4 
1 0 Ot . 0 0 1 0 . 0 1 0 . 1 Of.P:SET: 152. M RAMI?:. 180.0 . 
TIME (SEC} 
. • . •'! �. . • 
.B1a:c:khawk Ge:osc iences 
























4.2 . 6.6 
. .
. 
- TIMES DATA CA�C % ERROR STD ERR 
I 
. 













6 2.80E-04 6.48E+Ol 6.61E+Ol �1.841 
7 3.55E-04 6.07E+01 6.08E+01 -0.180 
8 4.43E-04 5.87E+01 5.80E+Ol 1.310 
9 5.64E-04 5.77E+01 5 . 67E+01 1.711 
10 7.13E�04 5.88E+01 5.69E+01 3.342 
. 11 8.81E-04 5.84E+01 5.81E+01 0.496 
12 1.10E-03 6.03E+01 6.03E+01 0.083 
13 1.41E-03 6.33E+01 6.39E+Ol -0.887 
14 1.80E-03 6.72E+01 6.83E+Ol -1.688 
15 2.22E-03 7.29E+Ol 7.31�+01 -0.352 
16 2.80E�03 7.49E+Ol 7.90E+Ol -5.229 
17 2.85E-03 7.74E+01 7.95E+Ol �2.635 
18 3.55E-03 8.34E+Ol 8.54E+Ol -2.416 
19 3.60E-03 8.98E+01 8.58E+01 4.666 
20 4.43E-03 9.28E+Ol 9.07E+Ol 2.2�8 
21 5.64E-03 9�75E+Ol 9.42E+01 ·3.486 
.22 7.13E-03 9.84E�01 .9.42E�Ol .4.489 
.23 ·e.81E-03· ·.9d?E+O'l :9;.ioE:+b1 · .  ··,·c_,-o:;-6,90 
24 l.lOE-02 s:24E+01 . 8.55E+01 . .  -3 � -61:3 
25 1.41E-02 7.35E+Ol ?.77E+Ol . --5.434. 
. 26 1 �80E-02 
.
· 
. 6.94E+Ol ?.01E+o·l ...,0.999 - .  
27 2.22E.,..02 6. 72E+01 . 6 . 38E+ 0 1  -·. s.j32 . 
-
.  -
R: . 152. X: . , . 0 .. Y; 1$2 . .. DL: 3o:�. _REG: >t§9 .• �:CF: :::· l .  :bb6.o. ::.i- .. :\. .-:' CLHZ ARRAY 27 o·ATA P01Nts· RAMP: i86.o· MICROS'EC �-OA'lA:f'·CfcF2o ·.· f . . f . . . . ·. .. . . . ·.. . _,'. ·::,.,, •. :: ., 
... 
,_ . .. " .. 
. 











RMS LOG ERROR: 1.76E�02f ANTILOG YIELDS 4 . 14l 4 %' 
LATE TIME PARAMETERS · 
* Blackhawk Geoscienies 
PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETER 
p 1 1 • 00. 
p 2 o.oo 
p 3 o.oo 
T 1 0.00 








o.oo 1. 00 
o.oo o.oo 




. . . . 
:·.:.:-



































- ·  . . 
. , ·  
·t· 





; �t��-- :>·· ·. 
. .  · .:�; ;c. 
1�Yii!',_, OHM�M·:.. 
.;:: " :f . . �_.  
,._i • .  '·!a: . 
. ·i ��: ���.!i: 
12;�.7.'1 
OHM�t.f: 
; �. ,'ll 
. �-· . ;: 
:I' :;�;l�. 
�!-.. : !/: �r .. ; � 25�',:1:-:··�. 0���f,ij 
·:� ;·: L� . .  :<:. ' 
.• ·.;;':r1.;j :;. . .. 




! l �! . ::. � 










% ERROR: 2. 90 -5 














RESISTIVITY THICKNESS ELEVATION CONDUCTANCE <S) 












258.8 .· . . : .,848. 9 
250.2_ a21�o 
_ 8: •.. 8 ·- - 281 . 5 
1 • 4 
1 ,! 8 
' o. 7 
o:7 
TlMEc · ·:;DATA -
;:1 "· :�?+:· 1·• · ·\r:�i�Sg� 'c;;;r:;���:giY0:n·�'�[;·6r··7•!f_b1·:��7· ·• ·::�,�;;\t�=::;·:;:::�:;;::; 
3 1.40E-04 1.37E+02 1.37E+02 -0.378 
I 4 1.77E-04 .1.08E+02 1.08E+02 -0.775 5 2.20E-04 8.89E+01 8.89E+Ol �0.008 - 6 2�80E-04 7.35E+Ol 7.32E+Ol 0.418 
7 3.55E-04 6.3:�E+Ol 6.29E+01 · - -h047 I 8 4.43E-04 5.71E+Ol 5.67E+Ol 0.733 9 5.64E-04 5.21E+Ol 5.22E+Ol -0.267 
10 7.13E-04 4.98E+01 4.94E+01 0.833 
I 11 &.81E-04 .4.78E+01 4.88E+01 -2.148 12 1 . 1 OE -03' . 4. 77E +0 1 4. 93E +0 1 -3. 11 0 -
13 1.41E-03 4.88E+Ol 4.88E+01 �0.042 
1- 14 1 • 80E ..,.03 4. 98E+O 1 4. 88E +0 1 1 • 902 15 2.22E-03 5.05E+Ol 4.82E+Ol 4.807 16 2.83E-03 4.66E+Ol 4.55E+Ol 2.442 
1- 17 3.55E-03 4.14E+Ol 4.17E+01 -0.792 18 4.43E-03 3�77E+01 3.87E�01 ��.545 19 5.64E-03 - 3.38E+Ol · 3.44E+91 �1.908 
20 7.13E-03 3.02E+01 3.09E+01 �2 •. 385 -
·1 ·-�b ---� :·�b�=g� -._ .. ···-�:-���:gr· ''·:·�y���·:gJ·· · ,,·�-:�c:¥��- :/.,:--:·-
1 • 4 
3.2 








R: 152. X: --o. Y: 152. ot: 305 .  REG : : f69 .' .cF·: ·r. oOcicr. <'. --.- . _�· · CLHZ ARRAY, · 22 DAtA F'O lNTS, ·RAMP·: . : 180.0 - MICROSEC·� -_DATA: ''Oo=-��-:�.·. :·:,, 
. .  ,
· 
RMS LOG E:RROR-: . 1. 24E�02, ·A�H llO-G \' l�Lok - · · - ;· ::2�·::9b�f'i: -{:· : - -_-.. . ' _ 
LATE TIME PARAMETERS 
-
- -- . 
<': 
-
. . . . .
.
. · . - _. ·:·.- -:�-;:-· �- , , . _  .. 







PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETER 
p 1 0.98 
p 2 -0.01 0.66 
p 3 o.oo 0.17 0�0� 
p 4 o.o1 o.o1 0.02 0.03 
p 5 -0.01 0.03 o.oo -0.03 o.9s· 
T 1 0.03 0.14 -0.04 -0.03 o .. oo . 0. 9(> 
T 2 -0.03 -0.35 -0.13 -0.07 0.04 0. 18 0.38 
T 3 -o.o1 �o.1s -o.os -0.02 0.01 0.06 b. 13 o.o5 
T ll ()' (l(l (l ' ()() (l - ()Ll ()' (17 ()_()') ()- (l(l ()_()1 ()- (l() (1.99 
- - - - - - -· - --· ·- - -



















































. .: :;. 
'·t 'i 
M:o!EJ'EL: 
���- ---r 3EL4: . .-_:· · · . 
dHM�M'';.·. 29:.7 M � :,•. ' :: . 
·:}-;�[:,:_::·\. 
7 ' 36




M"'· .M%�r:-. . -:; '1· '· 
6������ : , OHM-M·-·'. ·: • j • .  � • ):, ' 
-:i;;·tt�Ji:fJ;::. 
- ;;:�i���n�;� : 
. 10.5 M 
165. M 
6:.i.01,6,;<;(·i·'< ,. -:•!l."!\'f(rf,k. 1: 
OHM�-M;l.'. 239 M 
.J:I!J�IJll. . . : ,:�lrl!fll� : 22t·r5�r,,,, . ... 
1 I 1 1 1 1 1 1 ·; li 1 1 -1 1 i"n 11 1 1 1 1 1 n 11 1 1 1 .I 1 n 1 I 0f�li[i 
-5 
10 
," ;, -��4 ·. ' '  ;�:;: . 
._ .. rn�> _·-. . - .· - -o!�.oot . . . . . . ' \ . 
,-,/-:. '.·_:.-TIM��:.· (SEC) 
� .  ' " . . . -:_·.::·· 
0.01 
X·��ri'Rfi'OR: 1 . 89 · . 
C�lli]BffiA TION: 1 
0 . 1 oF.Ifs�:t:: 152. M 
R�M���HL180 . 0 . ' 
·s��'&khawk Geosciences 
;,: ,J���� �:J �1.!}:: 
00-2:L' 
n O DEL: 5 LA\'ERS 
RESISTIVITY THICKNESS tLEVATION CONDUCTANCE (S) 









1 ?C1. 1 
140.4 
1 ?t�) ·c., . - .· . / 
-3:). 0 
s:):_:;.o 
460.:) 0. t; 
426.2 1.4 
-114.9 2. tS 
6.08 2:38.9 -27:::. 9 -89$ .. 6 39.3 
.... ;;.,.·�-:r·.r ,;p·�T-'/' i··. -. 
.. 1 t..90E-05 
2 1. 1 OE -04 
':I 1 .40E-04 •·' 
4 1. 77E-04 
5 2.20E - 04 
6 2.80E-04 
7 · 3. :.sE-04 
8 4.43E-04 
Q s . 64E-04 / 
10 7.13E-04 
1 1 8.81E-04 
12 1. 1 OE -03 
13 1 .41E-03 
14 1. 80E-03 
1 =· 2.20E-03 
16 2.80E-03 
17 s. :.sE-os 
18 4 . • 43E""03 





.7. 1 :::E.:_03 






















1 • t',4 
1.40E+02 -0 . 350 
1.07E+O� -0.044 
8.46E+01 0.437 












3.QOE+Ol . �1 . 14 5 
2. 62E +0 1 2. 61 E+O 1 0. 241 . 
. :"') 2·7·· E ' (J 1 ·. ·,"> . -..-,.., E· + c· ·, l· .-_, · . :._·o ',:.c:cl· · ·. ·· · 











·· . :: . ·-· ·� .::.�:1. . .. · · . --· 2.00E+Ol 1.99E+01 . . 0.277 . 
l.�OE+01 1 . 78E+0 1 · 
. 1�60��01 1.�1t+Ol . 
�1.45E+01 . 1 .46E+ 01 
1 . 35E+O l 1 . 35E+O l 










. -0.1.27 ' '. 
·o·�935 · · . ':• C•C: E - 0 ·2·-.;.. • (_) .J 
3.60E-02 
4•49E�62 







R: 1:)2. X: O. Y: 1:)2. DL: 305 .. REQ: ·169. CF: 1.0000 
0 .p . ,_, 
..., ,.., L•L 
4 . �) 
44. 1 
TDHZ ARRAY, 28 DATA POINTS, RAMP: 180.0 MICROSEC, DATA: 00-22 
RMS LOG ERROR: e.12E-03, ANTILOG YIELDS 
LATE TIME PARAMETERS 
t Blackhawk Geosciences 
F'ARAt1ETE R RC=;OLUT 1 ON Mh T R 1 >: : 
"F" MEANS FIXED PARAr·JETER 
F' 1 o.:::o 
1 . 8884 �� 
* 
....... -;-




�' ., t · .. ,, . . -,.. 
�,. -� ·-' .,_. ; .·:·r, • 
'• ·u, 
·.:..�· ':.·�.: -�--. ' ':::..' ;.: ... ,,_ . ·_.' ·,.' 
.. : �-
t7 1 :�.L 61 .. ll _•;d 
60 • 0 . I 0 · 0 
�� s . (l ·. � () • (l 
l (� . () 
z.o. 0 �:?(). 1)-
0 r · o ;�o · o­
t'(l ' I) (h) ' l) 
·a2:·o oo·o 
t:l) • () 
.. /·., ·� 
·.·.:-� . -·, J-··. 
C' 7 ,_ d ,_, 
















. ( I 
. ()-



















1. _ ) 
















1; [ • (I-
I;; r · o 
l)t)'(l 




























- - ·- ·- - · - - - -
- · ... . ·





































: �:· ;· . 




; 'j �.!. ' 
47 )6 · .. -:" -1 
OHt.#M·: ·: 18. 0 M 
-� �. 'i· .... 
,: . li:.;: ·, 
! ' � � �· 
:J:'': 
-·L "· . 
_/!lL;, :: 2.q2,· .. / 
OHM£lM··; : f�->: , ! . .  t:i·" 
'I<.: 
:Jf{x '' 13,\, 
OHM 11 !-Mi· .· ;;!� ��:-;:; . �-�r�� j.J �:_Hft � �:: \ 
:_;:jJili:r:,:{ 





· •. i� ·t:;:.l ... 
OH��M/': 56. 9 M 
,!'!l:it:.:·:-1: . -�-� 
; ·t�l!i; :!:·, . 
43';10····. !�,;F ·.:_·-r -� · OHM:-:-M,r:. 
1 I I I I...... I I I I IIIII I I I 111111 I I I llliil 
:Jji} .:\Y' . 
,. ! fl ' � 
� -: �( :. •.· 
-5 
10 




% ERROR: 2. 61 
. . . CAiiiBRATION: 1 0 . 1 OFft:st:T: 152. M 
RAM.P: . .. • 180. 0 
Bl'a·ckhawk Geosciences 
'- . . , . . �'-1 • t 
MODEL: 





















�17.0 :�252�7 . .. · ·1" 3.-.; 6' ···.·4·3- ""- "4 - .' _j � I · ,  �-- . ·? t 
RMS LOG ERROR:· 1.12E�02; ANTILOG YIELDS 
LATE TIME PARAM�TERS 
* Blackhawk Geosciences 
PARAMETER �ESOLUtiON MATRIX: 
"F II �1EANS FIXED PARAMETER 
p 1 1. 00 
p 2 o.oo 0.98 




' _ ·· .  -. p ·2 _ ,. 
0.4 
- 11 • 6 
. .  )3.2 
· c-' ·'44 1 
' ' ., _ 1 •.6 
- : ; : 30 . • 8 
. . 
, . 
.·' ' .· . · .-· 
·: ::: . 
:·--· ·-:: ... 
2.6057 % 
* 
._ .. ,- .. 
..•.  ·<. 
17 1 £ 
01.;. 0 
I ··:�. '. ; .I" • ' • •. 








�.; �s . c_) 
t; d 17 d s d 7 ._. 
:::r ·o-917'0-:_::(1. 0-
00'0 qo·o z.o·o 
FO'O-)::o · o 91)'0-
(�(). t') ··30 • 0-FO'O 
6!_ • l) �.;-o • ,,_ 170'0 
9'; ·o :':0. 1)-
-
d t d 
ro·o i)l). (l v 1 
to·o-oo·o c ,_ 1 
�I)'()-oo·o 2: 1 
z.o·o ()iJ. 1,) l 
l:.O 'l)-l)i). () t� ::1 .J 



















































. . . .. 
00-24 
· , ., 
. � . 
.'; 
.. : ·;;;:::�4-' .'' ;;· 
. .. '·.·. · "·a· .. ; · · ·· ·· · · - · o· ·· -·o-o 1 ·· . .. :·i,. t< .. ·-�.- .' _:_(_�·:_ . ·� : . .. . 
,, 





. :i . . . 
I 
. -� . ' . 
4'����·o:: .. · 
O�t�f'M 
�. ,. � :> 
: ···t[i!j�_;,_;:' 
: :· l'r.:!.ti'-'; :. 
. �; ,.. -:. J. ' . •  
· 25 0 0 M 
· jg o 1 M 
��i��, dffii�,�:,;.�: . 240 M 
'���-\:[' ' ' . cj �;;;!�·;�!';jl\c 
·.: .�-t� 1l�!i�J��,1kJ �----''--
.':;•. , · 
. " 
l\�1.' . �· 
�OR: . · · 4 063 
. c='�'BHATTON: 1 










R':·�:·r;iti\'·;;: · 1so·· : 
.,o· 
/;A 'tr.·� -· �)' . . �;�h�{�-:khawk · Geosc ien'ces 
r1H�:�m�ti,;, . 
. 
. , · i. · 
MODEL: 4 LAVERS -






















3. 1 3 .7 
0.9 4.5 
STO ERR 
i ··•· ::fii§it�� ; . .,.·l::i}ii� .:;:lt?g:r�t��;.t���!��t���t�rt,··� · · � · · - · 
4 1.77E-04 7.58E+01 7.61E+Ol -0.352 
5 2.20E�04 6.12E+01 6.05E+01 1.131 
6 2·80E-04 4.98E+Ol 4.89E+01 1.785 
7 3.55E-04 4.26E+01 4.15E+01 2.744 
8 4.43E�04 3.84E+01 3.75E+Ol 2.335 
9 5.64E-04 3.54E+Ol 3.55E+Ol �0.922 · 
10 7.13E-04 3.44E+01 3.44E+01 0.214 
11 8.81E-04 3.37E+01 3.47E+01 -2.761 
12 l.lOE-03 3.50E+Ol 3.73E+01 �6.217 
13 1.41E-03 3.82E+Ol 3.96E+Ol -3.450 
14 1.80E-03 4.28E+01 4.20E+01 1.915 
15 2.22E-03 4.73E+Ol 4.46E+Ol 6.063 
16 2.80E-03 4.43E+01 4.55E+Ol -2.617 
17 2.85E-03 4.79E+Ol 4.53E+01 5.809 
18 3.5:,E-03 4.16E+01 4.13E+01 0.589 
19 4.43E-03 3.78E+Ol 3.88E+01 -2.695 
20 5.64E�o3 3.34E+01 3.41E+01 -2.143 
21 7 .  13E-03. 2.92E+01 2.93E+01 -0.450 
22 . . 8.8lE.-03 2.58E+Ol .. Z.63E+Ol· .�1.628 . · · ·  · · · 
23 l.10E-02 2.38E+01 2.31E+01 .. .. 2. 7 18 - . 
R: 152. X:··· 0. V: 152. DL: 30:,. REQ: 169. C:F: 1.0000 
CLHZ ARRAY,· 23 DATA POINTS, .RA�1P: . 180.0 MICROSEC, DATA: 00..:.24 
HI FR&:Q 
RMS. LOG ERROR: . . l. 97E-02' ANTILOG. v IELDS 
LATE TIME PARAMETE�S 
* Blackhawk Geosciences 
PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETER 
p 1 0.33 
p 2 0.09 0.56 
p 3 o.oo 0.03 o.o1 
p 4 o.o1 o.ot -0.01 0. 12 
T 1 . 0. OS' 0.09 -0.01 0.03 0.36 
T 2 -0.03 -0.44 -0.04 o. o:) 0.11 0.47 
T 3 -0.01 o.o1 0.03 0. 11 0.03 -0.02 0.90 
p 1 ·p 2 p 3 p 4 T 1 T 2 T 3 
. ·  

















···�·ooEL f • I � i ·. , .. . · , -.· __ :1·, ' • -
.,-,· . · .. 




5. 95 M 
. :k 1000 




'·.;� . -: . 
. ·� (.��!:�� ·;�{��; _:: 
_ . .. ,. ;3'4· .
. 














.,.. ....  ........., 
· :h·H·��M 260. M 











. . ��t����:;<��-J;t ,; · · ·''·ffitsfM· M 
} ·;· b ' 11!11:{ <. \ J I I ' I I. I I II I • I I I I I.. I I I I I I I II I I I I I I 1.11 ;!)�!.i%tERROR· 2 87 .. . 
.. -5 
10 







:'·:�f·! ;; :' i' 
. ' 




�.;ts.�f;m� .�filBRATlON : 1 (, t�;f.._.t·�l!·��)-' . 
0 j}l'�111fPFSET: · 150 M 
• .;1��i�:·i��ijp.. l:a·o o <.! .J£1"\IlJfl\,tJ�I • • ··rjmf�IJ{!]ockhawk Geese: i encgs 
. :�w�t;�� � ,; - . . .. •-'i�i ;�.J':\:;:!it 
00-25 
MODEL: 4 LAYERS 
RESISTIVITY THICKNESS ELEVATION CONDUCTANCE <S> 
<OHn-M> <M> <M) <FEET> LAYER TOTAL 
164.9 541.0 
11 . 76 5.9 158.9 521.5 . 0.5 0.5 
348.86 2:,9. 9 -100.9 . . . . · -331.1 . · . 0. 7 1 ·'"I •-=> 
2. 86. 25.7 -1.26. o$ ...:41�·4 9.0 .. 10.2 
11 . 14 
TIMES DATA CALC % ERROR STD ERR 
, -i• , _:r:Igi�&! -'"�:�-��itg!-�:£:��lU���:�*�����i�r;��i�l� 1��:2;-:r�;�:��;(!�' 
4 1.77E=04 2.64E+O� 2.66E+02 1.436. 
5 2.20E-04 2.71E+02 2.66E+02 2.140 
6 2.80E-04 2.73E+02 2.75E+02 -0.459 
7 3.55E-04 2.79E+02 2.80E+02 -0.313 
8 4.43E-04 2.67�+02 2.72E+02 �1.684 
9 5.64E-04 2.37E+02 2.43E+02 �2�440 
10 7.13E-04 2.01E+02 2.03E+02 -1.083 
11 8.81E-04 1.64E+02 1.66E+02· -0.882 
12 1.10E-03 1.33E+02 1.32E+02 0.518 
13 . 1.41E-03 1.07E+02 1.03E+02 3.943 
14 1.77E-03 8.33E+01 8.29E+01 0.426 
15 2.20E�03 6.87E+01 6.83E+01 0.593 
16 2.80E-03 5.75E+01 5.61E+01 2.576 
17 3.55E-03 4.65E+01 4.70E+01 -1.059 
18 4.43E-03 4.01E+01 4.05E+01 -0.942 
19 5.64E-03 3.44E+01 3.50E+01 -1.461 
20 7.13E-03 3.03E+01 3.08E+Ol -1.475 
21 8.81E�03 2.79E+Ol 2.78E+01 0.282 
22 1. 1 OE -02 . .  ·2. 49E +01 2 •53£+01 . '"'-t .432. . .- - , .. 
23. 1.41E-02 2.22E+Ol. 2.Z9E+01 
·
. ·-·3.2t'.O 
24 1.80E-02 2.l1E+01 2.(1E+01 -0.393.· 




R: 150. Xf 
CLHZ ARR�Y, 
0. Y: 150. DL : 300. REQ: 16 7. CF : 1 • 0000 
25 DATA PQ_lNTS,. RAt:1P: . 180.0 MICROS_Er.;:,-: [lATA: 00-25 
RMS LOG ERROR: 
· 1.23E-02, ANTILOG YIELDS 
LATE TIME PARAMETERS 
* Blackhawk Geosciences 
PARAMETER RESOLUTION MATRIX: 
;'F" MEANS FIXED PARAMETER 
p 1 (!. 60 
p 2 -0.07. 0.60 
p 3 o.os ..,.0.06 0.55 
p 4 -0.03 0.03 0.02 ().90 
T 1 -0.43 -0.23 o.o:::l -o.o2 
T 2 o.oo 0.02 o.o3 o.oo 
0.47 
o.o1 
T � -(l. (11 -(). ()1 -t1.LlC. -(L()R -Ct.h1 
1. 00 
































































I I .---rTT111f 
-5 -4 
10 0.001 0.01 
TIME (SEC} 




Mo·o:EL: " ' � ' 
31 ;:3
':
. : :' .  ·I .  . 
OHM�M· . 19�. 9 M 
:. ·�· 
_.,_ : ;, 
,. 




i ·' '! 
3 73,_,. ·oH�iM} 










7 �� 9- . i . . 
0-H. �:.::M' <; . ' f'!"'  "'/ . ,1 
- .< <t 
' ... !: _,: :· �-;·, :� 
;.1-; 
;, -� 
34, }; 1.' . .;.� ,�;._·J;.••F[ .. :' 
OH_. M'' /rM· �·:;·- . .... 
-� 
'_ �� : { 
. 
- -·� z::· 
, �,;I ··t· ' 










% ERROR: 1. 97 -
0 1 CALEBR�TION: _i' • OFFSET. 150 M 
RAMP:· · 180.0 
Bl�ckhawk Geosciences 
- ·· . 
·'::,· i" 
()(k-26 
MODEL: ·5 LAYERS 
RESISTIVITY THICKNESS· ELEVATION CONDUCTANCE <S> 
<OHM-M> CM) CM) (FEET> LAYER TOTAL 
31.27 19.9 
118.0 387.0 
98. 1 321.8 0.6 























...,..., .:...:> ·  
24 
3.73 7.2 .-72.4 
7. 19 . 178.7 -2:1 1 .2 ' 
34.07 
1.40�-04 2.60E+02 2.59E+02 
1.77E-04 2.52E+02 2.52E+02 
2.20E-04 2.47E+02 2.45E+02 
2.80E-04 2.27E+02 2.30E+02 
3.55E-04 2.03E+02 2�05E+02 
4.43E-04 1.76E+02 1.77E+02 
S.64E-04 1.44E+02 1.45E+02 
7.13E-04 1.18E+02 1.18E+02 
8.81E-04 9.74E+01 9.78E+Ol 
l.lOE-03 8.07E+Ol 8.07E+Ol 
1.41E-03 6.5SE+01 6.49E+01 
1.80E-03 5.38E+Ol 5.31E+01 
2.22E-03 4.62E+Ol 4.46E+01 
2.80E-03 3.66E+01 3.73E+Ol 
3.55E-03 3.05E+01 3.13E+01 
4.43E-03 2.67E+Ol 2.70E+01 






- 1 .26:) 













7. 13E -03 .· 2. 13E+O 1 . 2. 1 OE +O 1 . 1 . 523 . 
8. 81 E -03 
. 
·. 1 • 97E+O 1 : . 1'. 94:E+O'l -� · .:·· . .  �-1�.793' . · 
. 1.10E.,..02 i .81E+Ol l·.82E+Ol . �0�616· .. .- . 
1 . 41 t -02 · .· 1 .73E+CJ 1 . 1. 73E+O 1 ... :o . .'T83 ·. · 
. .  
1 . 80E -02 1 � 67E +0 i . l .· 69t: +Ol· ' . � h· .t'47 · : 
25 . 2.22E� 02 1 .65E+C)l · · . · i � 68E +O 1 · ..:: l'. 530 , · - . �: 























-.1 .?.sE +o·1 · . ;i·73E +or -.-�: ·-"lfte�.-, � .. . .. -
J .81E+Ol 1. 78E+01 :·:·. L996 
·t.82E+01 
· l •85E+01 













R: 1 :,o. X : 0. Y: 150. DL: 300. REQ: 16 7. CF: 1 • 0000 
··�· ·· . 
CLHZ ARRAY,. 29 nATA POINTS� RAMP: 180.0 MlCROSEC� DATA! 00-26 
. 
. . .  . . . . .. 
· - ·· .  
. -
RMS LOG E � �OR � 8.46E-03, ANTiLOG YIELDS 
LATE TIME PARAMtTERS· 
* 81 ack hat..'k Ge o s c ie nc es 
PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETER 
p 1 0.77 
[) r) -r'l (')r, � r ... -, 







.·-· . .  
"'• • • • ' ,; "• .I ·-.. '(� : • 
17 1 s 1 0 1 ! 1 c-� d 17 d € 
ss·o so·o oo·o 170"0 9! ·o-170"0-
zo·o z.o·o-90"0-z.o·o-170'0-
66"0 fl) "l) oo·o (H) • 0 
c;9 • 0 .:.o. 0 z.o·o 
L'; · Ct .:�0. !)-
96'l) 
d 7 d { d ,_, 
ro·o-:::o·o-vo·o 
ft). 0-so·o o;o·o-
o;o·o to·o z.o·o 
s;-o·o 6I ·o-Lc?, • ()-
:::o·o t)l). 0 [ l). 0 
tnJ '0 l(l'(l-;�:c) · t) 
t'l) 
• 










































































. � : 
; ': 
. ' 




' ' " 
·· · 
· . ,, 
I I I t I r; Iii I I .. I .I I I iii I I I I I I ii-i I I I ,I I 1.11 













': -��: --�- '� 
6.' '8·,:·;··· . • ... .. [r>--
OHM��:
··· · 
, .. -: . '·'·):'·);-
:� ':·�:r..ri· . 
· 24.1 ·M 
l .. · 








OHM���:�> 115 . M 
· .{ik�l,i . ·I ·• �;�� j 1!�- �: 





. , I '  •.:4 .·:.·······,,·' ( , 
· to ;: . · , · .. · :(} oo 1 
, i 
<, , TIM�· (SEC) 
0.01 
% :EHHJ.OA: .2 . 47 · 
CAlidiBRATION:: · 1 
0 . 1 OFRSB!t:. 150 M 
AA�mo':j� :;:i· 80 0 · · · IYJ r:.t � ... · • �- · B}�;9�hawk Geosciences 
--
00-27 
MODEL: 5 LAYERS 
RESISTIVITY THICKNESS ELEVATION CONDUCTANCE <S) 












-46.9 . - 1 53.8 
�1)3.3 -�71.7 
•' .,:.228.3 -748.9 
0.4 
0.4 






tiMES DATA CALC . % ERROR STD ERR-
• _ 1-··:.:.':�-� ?dE:·-�6;-�-·-: �>4 :•e;6t;.f62·· _;_::�:4·-.:�i�i� ��-:;{:�_::>_"=�.§��·:0�;,·-�.:,{;:;·�':''\if,�:fj�:.{i:�����3ii�::::/ - . ,: .. :_J._ .. -_:_ .. ·::_· 
2 . t.iciE�-04 4.49E+ 02 ·. 4�·44E+"0'2 r·.zs2· .. , ... , .,_ , . _ ' ·  ·· 
. 
3 1.40E-04 4.11E+O� 4.02E+02 �.258 . 
4 1.77E-04 3.54E+02 3.50E+02 1.044 
5 2.20E-04 3.00E+02 2.98E+02 0.627 
6 2.80E-04 2.41E+02 2.45E+02 -1.847 
7 3 .. 55E-04 1.94E+02 1.93E+02 
8 4.43E�04 1.57E+02 1.56E+02 
9 5.64E-04 1.24E+02 1.26E+02 
10 7.13E-04 1.00E+02 1.00E+02 
11 8.81E-04 8.24E+Ol 8.27E+Ol 
12 1. 1 0E-03 6.77E+01 6.86E+Ol 
13 1.41E-03 5.51E+Ol 5.53E+01 
14 1 .80E-03 4.53E+01 4.SOE+01 
15 2.22E-03 3.89E+01 3.80E+01 
16 2.85E-03 3.22E+01 3.10E+01 
17 3.5SE�03 2.54E+01 2.63E+01 
18 4.43E-03 2.22E+Ol 2.26E+01-
19 5.64E-03 1.93E+01 1�94E+Ol 
20 7.13E-03 1.72�+01 1.73E+01 
21 8.81E...:03 ·1.'60E+OL '._ 1 .57E+Ol 
22 1 • 1 OE-62 -. · i . 44E+Ol 1. 46E +0 1 
23 1.41E...:02 1.�8E+01. ·1;39E+01 
24 1.80E�02 .1.31E+Ol 1.33E+Ol 
· 25 2�22E�02· 1.34[+01 1.32E+01 
26 2.8SE-02 1.34E+01 1.32E+01 
-27 3.60E"-::02 l.35E+01 1.33E+01 













-:) . 313 
-0. 121 




1 .• 83'1 ·_· .  
1.132 
. L2;19. 







. ' - �  . 
R: 150. x: 
· 
o. v: 1 :�o. DL: ·- 300. REG: 167. · ci:-: . 1 � 6ooo · 
CLHZ ARRAY, 28 DAtA POINTS, RAMP: 180.0 MICROSEC, DATA: 00-27 
RMS LOG ERROR: t.66E-02, ANTILOG YIELDS 
LATE TIME PARAMETERS 
"' Blackhawk Geostient�s 
PARAMETER RESOLUTION MATRIX: 
"F" MEANS FIXED PARAMETER 
p 1 ().83 
p 2 0. 08 0. 19 






,_.,,-. ... < .... ::.'. :. "
. 
: .. -··� . . 
17 1 s l z; 1 I 1 £ d 17 d f 
09'0 '/S'O ro·o oo·o 6t ·o-Z.I ·o-
62�0 ro·o-so·o...,. t:O'O'-��0. (I 
s.s·o �;'(). 0 (ll). 0 oo·o 







d z; d 1 d 
so·o-:::o. ().,.-ro·o 
60'0 z.o·o ·2:0'0-
ro·o .:.o ·o ::·f)· (1 
z.o·o i')i::,. 0-cO:. l ·o-
,;�o ·o ro·o (11_) 'I_) 
:::o. 0 I (_I' 0 ro · •)"'" 
17 1 
s 1 




















































. � __ ;. : 
M'ti'DEL· ' . . .
' . ; 
::>.. . -.·. I 49{;6.' - . ' . 
OHM' M 33.0 M • • - • 1 
<:..·,· ( I. 
-.:.:::·: 
g,_��: . I 
OHM�M 15.0 M 
. '. f 
_.,,c,-.:�--�.� 39���:·. ' .• . ' I 
OH�t: M . 283. M. 





1 I I I 1 1 11111 I llal llllll I I 1 1 11111 I I 1 111111 
• . .  , 
% :E.RROR: 2. 09 
CALIBRATION: 1 -5 
10 
--4 
10 0.001 0.01 
· TIME (SEC) 
0 1 OFFSET: ·150 M 
. RAMP: 180.0 
Bl�ckhawk Geosciences 
00-2t. 














3 9 0 • 1 12 8 0 • 0 
357 . 1 -11 71 . 7 . 
342 ._2 : .. 1122.. 6 
59.6 195�� 


















·.· .. 1 . r;> . . 
. "-; 
,.., .::• ··· ·t·�·.rg!;gr.··.··.:: :-rr·!;g�··ji[: !j� �it��·�;:�;��i��,;�:i¥t�±l�t�r���¥���#·�: 
4 
:1 














2.80E-04 6.98E+01 7.02E+Ol -0.576 
3.5SE-04 6.53E+Ol 6.54E+Ol -0.109 
4.43E-04 6.34E+Ol 6·43E+Ol .-1•352 
5.64E-04 6.38E+Ol 6.53E+Ol -2.211 
7.13E-04 6.82E+Ol 6.70E+Ol 1.830 
8.81E-04 7.09E+Ol 7.16E+01 -0.946 
1.10E-03 7.79E+01 7.82E+01 -0.357 
1.41E�03 8.45E+01 8.23E+01 2.732 
1.80E-03 8.44E+Ol · 8.27E+01 2.117 
2�22E-b3 8.28�+01 8.43E+01 -1.725 
2.83E-03 7.29�+01 7.35E+Ol -0.866 
3.55E-03 6.41E+Ol 6.49E+01 -1.227 
4.43E-03 S.86E+01 5�75E+01 1.861 
R: 150. X: .0. Y: 150. DL: 306. REQ: 167. XF: 1.�>000 - _ , .  · . .  
CLHZ ARRAy,, 18 .DATA POINTS,. RAMP·:. ·.:J�O .  O. MlCROSEC.;�DATA.: 00...,.28, ... .. _··· : ·:·. ··.·. · ,.. _·: . . ···;.···;: .··.� .•.... -·· .. :. -.::; ·:;·· : .';::·�-- �:(: .. �::·: ::;�:0::_.�5�::·.·::•:·.···�{;:�:::<:;•,. : 
RMS LOG ERROR:_ . 8.97E,..03, ANT.ILO.G YIELDS:: .,:-.Z)\)�7� %. 









_.7 . : :�·,):: · · :.::·�·�::_:;:_'-�_r�g�::��;�_:. 
* 
· . .  ·.s l ackha�k .· G��·sc.�.e:��:�-� · <.· _:/. ·.·. 
PARAMETER RES,OLUTION MATRIX:. 
"F" MEANS FIXED .PARAMETER 
p 1 0.96 
p 2 0. 01 o .  64 
p 3 o.oo --0.03 0.13 ' 
p 4 -0. 01 .· 0. 13 �0. 15 0. 49 
T 1 0.02 0.14 -0�06 -Oi02 
T 2 -0.01 -0.42 �o.12 o.14 
T 3 0.00 -0.01 0.04 0.02 
p 1 p 2 p 3 p 4 
'• ·,-
0.89 
o. 1 7- o. :�o · .  
0. 0 1 -0. 01 1 . 00 


































I I I I 1 111...--
-5 -4 













.. ;!tJ ,' 
2 f; . 5i• ' • ��! .. ; . _: 
OHM�M· 
; .1\-�: ·i' : :- _. . )iti' 
. ·> _: 








'' ·llll�,'l{ a ·�� fr'· 
o��i·:�:: .. ,p., H H1l: · 









%. ERROR: 3. 53 
CAilEtBRA TION: 1 
0. 1 OFFSET: 150 M 
R·�M8:· 180.0 
Bl;ackhawk Geese iences 
·:·i·:': ,;,·, 
--·· 
110[1[1 : :'· LAYER<.:; 
RESISTIVITY THICKNESS 
(0HM-M1 (MJ 
2:,. l)4 42. ,�) 
t,:�. 2:) 
21.47 



























T H1E':; DATA CALC �� ERROR .STD ERR , . . 
. . .. . : : _·. · " : .· , _--_ . . _ � _ - .s .. �- ··�:_,:_: :; . ;�, ,_ ��::A:-;:.',��:�;.:.b�iki:;::�;:�g���,,-�;1�i���i���s&IiA�i;r��;t��;;.�,;:�\,; �:-�
1
1 • ;�EE ·: .:; ; ,.,,:�:�;.:::Jl, ; ;·:;:72 : ·E�:tcj�::�� - -- :',�-,,�;:�;1.�;� -o�'-����H:I:?�:i;���!�!'f1,�f���1¥fPL'����:;��;�� l· .. ;. . <-� • :;.;(i E-�-.c)s.- � . 2 l.lOE-0.4 
"3 1.40E-04 
4 1.77E - C4 
c:. 2.20E-04 _, 
6 2. 8 0E-04 
7 3. :.l�tE -('4 
8 4.43E-04 
9 5. C:-4E .,.,.04 
10 7.1 3E-04 
1 1 8.81E-04 
12 1 . 1 OE -,.(J3 
13 1 • 41 E-o�: 
14 1 .. �. OE-03 
1 :) 2. 22E -()3 
16 2.83E-03 
17 3. �S'5E-03 
1-3 4 . 4 3E -03 






24 1. 1?.-0E-02 
.-,c: 
L-i :2. 22E -CJL' 
·�u �- ·� L • �� 
1.09E+02 1 . 09E+02 -0.477 
8.96E+01 9.06E+01 �1.186 
7.72E+01 7.83E+Ol -1.449 
6.72E+Ol 6.85E+Ol -1.826 



















:1. :)OE +0 1 


































� �0"' 0•L�� 
R: 1 '50. X : 0. V: 150. DL: 300. REO: 16 7. CF: 1 . 0000 
CLHZ ARRAY, 25 DATA POINTS, RAMP! 180.0 MlC�OStC, DATA: . . 
RMS LOG ERROR: 1.51E-b2, ANT.ILOG VlELOS 
LATE liME PARAM�TERS 
Blackhawk Geosci�nces 
PARAi'1FTE R F·E�:OLUT I OI'J r·!ATR 1 X: 
''F" f'l[M·J·:; 
F· 1 (1. Sl? 
p •) 0.01 
Fl :-) 0. (! 1 
F' 4 . o . ;,::1 r:.· 
F· =· 
T 1 
I_ I. 01 
-(1 '· () 1' 
F'l Y,E[I PARAf'IETEF: 
(). 32 
-- C) • 0 1 (I • 9 9 
I) • 0 0 0 . f.) 0 (I • 0 0 
(1. o 1 �u. c·4 -o. 04 1). 7·2 
- ('I t') 1 ('I (·I··� -- ( '! () 1 ('I () C::� (·, -;·· (·! 
3. =l319 % 
* 
00-29 . 
{r 1 -1 L l 1 � d r d t G 
[ 0 . I -I r I [ . () I d I . 1) (ll) . ( I ,:·.1) 1) -I .11. I 
�A . I .. ) . 0 l .! -. I 0 . 0 I I ' . l I St I 
vL 0 c l . l €t ) . . . I .II. I 'J I l I 
�-d d -' J 
: � I il . . I . 0 I II I 
. -i .. !i J . I I ro ' I 
l I I I . I I l I ·� -� � -
. : I 
. 0 -
. . l I 
'"--., .· 
i .-! 
i'�:i� i ' 
l (1 0 


































· � . lDJ 
� . �. U') . 
w .
. . 
. o:: ..J � 10� 










MODEL: . ' 
! .. l 
·61. 2 I OHM-M 10. 7 M 
. . • · . . 
' " • . 
� +�.;; 
.16. 2 
I ��M-M 57. 1 M 
J· · .;. ____ · .· . -+ 
I ·_;;l�lc. · I ·.Jl\076. 
I . /DHM-M 99. 4 M 
I \ ;;c::.), '· I · .··�tm ·.} · _ . · 
l<>,H , 
.. {j;�J;;;�!: . . . ' : i ']1t 9 
. • ··.�lc'L;, :" ·_ 
. I :; ::�,�M M ' 
· 
. . 
• I \:t}t1Jl;.;�; . · . 
· 
· · · ·��--�-,-- . . . . • I rW�\;ttE: R.ROR·· .1 . 23 T-rT-rTn1 'l''':�;;,\�·· D .• 
·· /J.;�[�l !BRAT I ON: 1 . ti{-1;::�·�1�. . . 
· D. DOl 0. 01 0. 1JP.i�FSET: . 150 M �RlAMP: 180. 0 ·''!'�"; 
TIME -<SEC) >l:il9JB1 cckhawk Geese i encgs 
>IJ!:); ', . 
� 
f·i��l [![ �- : 4 L . .6. Y'E R·:; 
f;: E :� 1 ·:� T 1',.! T 'r' T H I C h f·� E ':; ·::; 
I CIHI·J-1·1 ( �1) 
t· 1 • l ·:;.· 
1·�}. i 7 
1 (_! • i 
::7. 1 


















11 . ::. (' 
T I lvlE ::; 






::�. :!:,E -(.'4 
4. 4-:!E -1)4 
'5. � -�4E - () 4 
7• l ::�E - (\ 4 
.��. t; 1 E- 04 
1 . 1 ()E -t)::t 
1 . 41 E -r\3 
1 . � � ::)E - 1.)�� 
L'. ��·.E -(1�:: 
�· . . ��- ·:; E - C: �; 
DATA · 
·1 . 76E +1:12 
1 . ::::3E +!)2 
1 • OCE +t:l2 
7. ell�;E +() 1 
.:, . :? 1 E+•:•l 
r= �"'">'�+('tl 
_) • .:_ l....... '·.·' l 
4. :,s·E +t:) 1 
4. 2·_::c_ +C: l 
·::. S\��E +��:·1 
::i .. ·�'2E +i:)J 
:::? • 7�·E +i) 1 
:? • 7C}E +(:1 1 
.:; . �st.E + r) 1 
3.4fE+C:l 





=� J (!. t) 1017.:; 
:=··;··7·. �: S' � � 1 • ·�· 
242. ::' 794. :·\ 
1 li ·-:1 �· ..l _,. .. ._ • '- 4t\l�) .. . : 
CALC �< EF;r:;:oR 
� ..,.. . . 











3 . 7 2E+0 1 
3.67E+Ol 
:3. :�::�E 4- �) 1 
:::: • ::: 0 E + 0 1 
::: . o.::;E +C11 
-(l. ('i(.'l.? 






(l • 4 1 ::� 
c). 399 
-(). ��, 1 s� 




-_(:. ��� 15 
17 :::.:,:,E-�Y:: :::·.·:;·1E+01. 2.91E+C1 1) . 1 64 
CDi'-lDUCT M·JCE 0: ·:; > · 
LAVEF: TCrTAL 
0. ··:· r, 1_,1. L. 
��. :) ::. 7 
0. J _-:/ • !�; 
R: l':;C. >:: O. \': 1:10. DL: :::!rJJ, REG1: 167. CF: 1.0000 
CLHZ AF:F;AY, 1 7  DATA F'CiJ!'.!T·:;, F:AiiP: 12;:>.0 1'1IC:RCJ::;EC, [lATA: r:''-�'""::::t) 
RMS LOG ERROR: S.3JE-03, ANTILOG YIELDS · 
LATE T HIE F'ARA!'1ETEP·:, 
·+· 81 a c k h a t,l k G e.:''=· c i <0' n c e s 
F' A PAt 1 E T E P R E ::_; Cn_U T I 0 N r·1 A T R J X : 








"�-� • (!L: 
(1, (l(l 
(! • I :.1 i.) 
C1. �..:r 
FIYED F'AF:Af1ETEF: 
(t. : tt:) 
(1 • 00 r:.� • C<; 
(.1 • () 1 ('i t 1)1�� () • ("1 } 
o. r:n 1:1. oo o. �.-":' (1. o 1 
T :-�l ·-1:1. !) 1 -1:1.J.:; o.c.:::. o.c: :: -0.1)1 0.11 
-. 






!=' --:.• . ' 










1. 2308 :.; 
:f: 















































I -263. M . : I 
- . i ,. . I 2 ,:4·: ;'·4:\ •· . 'ti . . :' ·. : I , 




l � .<;!�! 
·: j< ·j;���:. �- :_ · -1-i:,- . 
% :ERROR: 2 . 28 
l 
CAlifE'BRA TION: 1 
0 . 1 OFFSET: 150 M 
RA:MPt' 



































·�·q "'- ·' 
<OHM-Ml (M) 
123. e:.2 
1 • 7"3 
1 :) 7 • t,4 
:2.44 
21 .. �\C) 
TIME�; 








































3. 2c;E +0 1 
2. 4.3E+O l 
1 .9 1E+Ol 
1.':16E+Ol 
1 .36E+Ol 
1 .2 4E+01 
1. 1 9E +0 1 
1 .22E+Ol 












1. 33E +('1 
1.34E+Ol 
1, 33E+Ol 





161 • 2 












































0 • o::: 1 
-0.1 19 





- 2 . 5 0 9 
-2.422 
- 1  . 607 
1 . () 1 3 
::l. 192 
-0. 54:) 











-1 • 081 
CONDUCTANCE <S> 
LAYER TOTAL 
(l ..... , . . "- 0.2 
8 •"") •L 8.4 
J • 7 10.0 
.-) ..-, C.• L...:> • / :.::4. (J 
STD ERR 
R: 1 :�o. X: 0 .  Y: 150. DL: 300. REO: 16 7. CF: 1 . 0000 
C:LHZ AF-:F·A\', 2'7' DATA F'OlNTS. RM1P: lt'·Ct.O MlCROSEC, DATA: 00-31 
Rf·l�; L.OG ERROR: 9.77E-0:3, AI'HILOG \'lELCr:; 
LATE TJME PARAMETERS 
t [; 1 .::1 c V. h -3 u k G -::- o -=· c i .:- n c e s 
F'A h:Ai1F: i E t:: F:E ·.::CJL t !T l (it·.J t'1AT F-: I �: : 
"F'' f"lFAr·;::::; Fl>:F[) h�S:Ar"iFTER 
F' 1 (!.��_:i.) 
c:, ,-1 (-) L. " ·:.· 








7 1 I 1 ,-d l7 d ,::, v ::1 
·; t7 
. 






















f I '-1_1 
I""(� 
. 
I 'i [ 
. 
l I �.:-: ( I 
. 







I i I t. 1,_ I l 
-
L "'7 ! I : i r l. " 





l : " 
��---d ��-d -















-· .• . 




1) .! : l ,, 
t: �.:l I I I ; ; j-·- '-
: i � I ' : : _ 1 I � i I ' 











l H l I 
r 
. .• 
: i ' ' ' 
. 
; 1 
r I : i 
' !i I i 






































- - ·- - - ·- - - - - - ·- - - - - - - -
00-32 MODEL: 
10 4 � I I I I I 15�0 
OHM-:-M 92.2 M 
i 1000i l 127. 






H 4·. 21 en 
lJ.J OHM-M 210. M a: ---
...,_ 
z 
lJ.J 10 a: 
<( -
0.. 28�7 0.. 
<( OHM-M 
1 
--�---- % ERROR: 3.09 
-5 -4 CALIBRATION: 1 
10 10 0.001 0.01 0. 1 OFFSET: 152. M RAMP: 180.0 




1 :·; • r)r:) 
















- ?4 I • f:., 
CALC 
l .93E+02 
c ·-)c (-..I 
-'L-lo 'v 
.-1.-),-) � 
L .::_ �� • _) 
-:; 7. s-\ 
-746.S 




6. 1 6. 1 
0.7 6.8 
49.9 :)6. 7 
STD E R R  
1 
. 2  
�. 
:> 
b. 90E -CJS 






:, . 96E +0 1 
4.67E+Ol 
:::. s:::E +O 1 








2. 22E+0 1  
2.04E+01 
1.74E+Ol 







g . . :?,OE+OO 
8.43E+OO 
g.?OE+OO 



















































.-,9 L ,  
1. 77E -04 
2. :?CrE-04 
2.t>OE-04 
3. :,:,E -04 
4.43E-04 
:, • 64E -()4 




1 • t;OE -03 
2.22E-03 
';'. 83E-03 
;:; • :r?E -03 
4.43E-03 
:�. C,4E -()3 
7. 13E-03 




2. 22E -()2 
::� � ::;:)E -()2 




































R: 1 :,2 ·· X : 0. V: 152. DL : 30:). REQ: 169. CF: · 1 • 0000 
CLHZ ARRA\', 29 DATA F'OH.JTS, RAf·1P: lbO.O MIC:ROSEC, DATA: 00-32 
RMS LOG ERROR: 1·32E-02, ANTILOG YIELDS 
LATE TIME PARAMETERS 
"' Blackhawk Geosciences 
F'A RAf'lE T E R RE ·::;CIL LIT 1 Ct�·J t1A T R 1 );: : 
"F" t'"1[ AN<::; FIXED F'A h!AI·lE TE R 
F' 1 ] • (r(r 
F' :;:• 1),(lO ().OJ 
F· .� (:r, (:C.J (l. (1() (J • S\7 
3. 08 6 :3  ;.� 
>!: 
c· 1 ;• .L r l. t7 d 
'· 
d < .. ·-· �:. 
[ . c I /.I ·, . (:1 ;� t') . i J ,::-r . 1) --(it) .-·-· -
(.;\ t:) . I ... i r () . (l t i " I 0 ,-, f (t I I --
' �-. I I I 1 . i I I ' ) 
[ l . ·' i ::·I ., i._ 
7 d .. 
i'l-r I i . 1'1--





; l 171 :i . I .-)-










[ '· I . 
,..,., ��-, 
I l 
-. I I 
I -,,_ 

























4 3 1 


































i ; 10 � -1 
3 
� ··� f 
1 
l 
. • +-r--m_.;.,....,... 
-5 -4 








-- �--- ---1 
1.19. 
OHM-M 17.0 M 
I 
2.07 r-
OHM-M 17.2 M 
I -r� 
84.3 
OHM-M 118. M 
3.'6:t -+-
�. OHM�M 
. i·, . . i' : 




' •;,. . 
. ; · 
: � ; . 
:I 
% ERROR: 1 � 89 
0 1. CALIBRATION: 1 
• OFFSET: 152. M 
RAMP: · 180. 0 . 
Blackhawk Geosciences 
"-








































:=i • r:� � 
10. ::::s 







=•. :,sE -o4 
4.43E-04 
:, • 64E -04 
7. 1 3E-04 
f;,f?,JE-04 




�� .. :; ��E- ()::.� 
:::�. :)SE -Cr3 
4 • .:J::�E--0:3 
:) . c.4 E- c)::! 
7. 13E -l)::! 
t: . ��� 1 E - Cr3 
1 • 1 OE -0:·� 
1 • 41 E-o�· 
1. �;::)E-02 
2. 22E -f)2 
�?. t::;E -02 
3.60E-02 
4.49E-02 






. 3. 2c�E.+02 
2. 27E+CJ.2 
1 • 50E +0�? 
1 • OOE +OL' 
7.00 E + 0 1 
4.i.:)0E+Ol 
3.42E+01 












s·. 92E +oo 
9. 24E +C.10 
8. 4f,E+OO 





7. 4:,E +00 
7.68>E+OO 




































. 7. �;3E +00 
7.63E+OO 
��94. ('1 
.-, ..... ,R . .  -, 















0. 1 06 
-0.058 





















l . 4 
34.6 
STD ERR 
·' · ·' 
0. 1 
8· :, 
0 C> ... . . ' 
44.4 
R: 1 :'12. \: 0. \': 1:12. DL: :305. REQ: 169. CF: 1. 0000 
TDH? ARRAY, 29 [lATA F·OHJT�:, RAMP: 1t;(J,O i11CROSEC, DA1A: 00-::: ·:: 
RMS LOG ERROR: 8.12E-03, ANTILOG Y1ELDS 
U�TE T H1E F'ARM1ETEF:":; 
"' Bla.cl:h.7iuk GE-o<:cience-=. 
F'M·:Af·lF:TEf=: F·:E:;:.!�JLUT JO;J r-1ATF:J >::: 
"F- '' MF A:·.J:=.; F L<EU F'i-\R;:.\r-1ETEf� 
F· 1 (; . ;  ·�;-) 
r• - ,-, • , : 1 r) • r:. 7 
P ::: r�. c<·, r,�. o.:.. o. c' 1 
1 . . �.8,�,4 �� 
* 
17 L ::: L · .. ·.. 1 f 1 1; d l7 d E. d :::: d l d 
·.-'t''C' ? .. r·o ·.�:·u·c.., ::.o·o-( . .-::.· )--;_, ,._ .�:�c� o--u 11 !11 (,--t 1. 
(; l-s • l..J .L () • (J-t7 (1 • <'i () \:·! () (--.I } Cl t� 1:} • (l ') i � 1. l --J i, j �-�'l \�� .L 
���··) ···() __ .. _ l1 
F :·. :I 
'_-�(.)'(1--c,i."l '.) 1_:,L: �"1·-1:Ji.:. ·��--'1: 
;_·. (\ I) \7 1.! ; ' .. ]1-) I l l ... I I I \ I 
-· \ i ! {;I.. � --T i_ • I l t? l : t J i !l : ! 



























































DHM .... M 30.1 M 
I 
567--��l 
OHM�M. 35.9 M 
I 
l 2.60' 
DHM-M 11.4 M 
I I 63 .. 4 . 
OHM�Mi .44.4 M: 
1: 
l 3.68 





X ERROR: 1. 81 
Q 1 CALIBRATION: 1 


















:1 2. 20E -04 
6 2.�,CE-04 
7 3. :.:;E -:-04 
t; 4.43E-04 
9 5.64E-04 
10 7. 13E -04 



























1 • :,c,E + 02 











1 . 92E +0 1 
1.74E+01 
1.47E+01 
1. 2:,E +0 1 
1. 13E +0 1 
1.02E+01 
9.43E+OO 












65 � C1 











�� ERROR • • ._ ;• . .  ·:· ...... ' ,, l" �-. 
2.00E+C'2 . 1. 772 
1 • :�7E +02 - o.73 6 
1. 21 E +0�' 0.461 
9.59E+Ol -l. 064 
7.77E+01 -1 • 485 
6.19E+Ol '""1 ·226 
S.02E+01 C1. �::) l 
4.21E+Ol 1. 369 
3.56E+Ol 1. 002 
3 . 10E+Ol 1. 091 
2.77E+01 -1.(!17 
2.49E+Ol -1.553 
2. 19E +0 1 ,.,-(l,t;70 
1.92E+Ol 0. 178 
1.69E+Ol 2.b21 
1.47E+01 0.509 
l. 2t;E+01 -2.469 
1.14E+Ol -0.730 
1 . 02E +01 0.053 
9.35E+OO 0.8157 
t,.79E+OO 1 • 161 
g,37E+OO -0.723 
s.ot.E+oo -0.069 
7. 89E+OO -0.:,96 
7.82E+OO 1 . 075 
.7.82E+OO 1. 117 









,., I} L •L 
6.6 
·.7.3 
2'�} � '9 : ��4··. 2 
9? .D:::,.�R�':}��:_:;=i·,,�?. .,. 
R: 1 :)2. .>:::  .· 0. \': 1 ':'12. DL: 305. REO: 169. CF: 1 . 0000 
TDHZ AF:RAY; 28 DAlA POINTS, RAMP: 180.0 MICROSEC, DATA: 00-34 
F�1·1:; LCJCi EF;F-:OR: 7.78E-03, ANllLOCi YlEL[JS 
LATE TIME PARAMETERS 
Blac�hawk Geosciences 
F'�RAI'1E T E R RESCJLUT 1 Or-J 1'1AT R 1>:: 
''F II t·JE?:J·J':: ; F I X[[l F'ARAf'lETEF' 
p 1 ().7f:.; 
P r-, n. ('t7 n .  ()'�' 
1.8069 % 
* 
.. . ,: . . . -: .. � 
� 1 -� 1 E 1-l 1 I 1 9 d S d -� d 
o�·,) El'O •;o·o so·o r;o·o <);::·o-sz·o-oo·o 
P£'0 zo·o-�o·o or·o Lo�o-6t'O so·o 
6 ;::, • 0 6 0 . 1.)-�;· 0 • 0-17 0 . 0-9) . 0 . .-::0 • (l-
rr;·o sz·o so·o-so·o · 1o·o 
I0'•) ::o·o--ti"l'O ro·�:) 












































0 L 1 





I I I 
•';
















: . , .. 
I I 
:_) --
....... -· .·· 
c ::;, 1 
17 1 ,-. 























































. . 10 
. 
0 . 00 1 0 . 0 1 
TIME (SEC) 
M·:ODEL: 
1·- : ; ::." 
30:.:2 
OHM1.M 
.,; I 'i hi. 
'· f; 
. ."'! 
•' · ·.t �;.. . . � 
6� 65' 
OHM'';M 
· .. -�, til. . 
l.· �: . .:. ' 
·, 
.:-;. 
• • � j • 











'�t�·; I < ' •• :! -� . . . . 
4 ::�fJ i oH�:mM 
. ·,\it:c 
% ''�l�lPfRoR· · 3. 37 c�;W�BHATION: 1 
0 � 1 DR·�� :ET: . ·  152. M RA'�fR,: 180.0 
B]�atkhawk Geosciences :_� � -�:�· ' . 












1 .-, L. 








( CtHr-1- il.l an 
:x),J? 
6. 6':; 











':1. 64E ,....()4 
7.13E-04 
8. E� 1 E -04 
1.10E-03 
1.41E-03 








1 0. 1 



























1 �5. 1 49.6 
:) • 0 16.3 
-S'6. (1 -::: 1:,. 1 
CALC % ERROR 
_l.?2E:t(.1_2: -�.··· .. ,c2_·J?9. · 
1 • :, 1 E'+-02· · ._, 1 -� 436 
·1·. 19'c.+Cl.-j · -c-1 (;·.:;�4··· . " ' �- . ' -
9.63E+01 0.023 
t;.12E+01 


































1 • : , 
1 .2 
STD ERR 
•· '·, ;.. 
�- ' . 
6.3 
7. =· 
R: 1 :�2. Y: 0. V: 1 :1:;:'. DL: 30:1. REQ: 1 69. CF: 1 • 0000 
TOHZ ARRAY� 20 DATA POINTS, RAMP: 180.0 MICROSEC, DATA: 00-35 
RMS LOG ERROR: 1.44E-02, ANTILOG VIELDS 
�ATE TIME PARAMETERS 
* 
F'ARAr--JETER 
"F II ['•lEANS 
F' 1 1. 00 
F' 2 f�J. 0(1 
F' ·:· 
�· (1, ou 
F' 4 0 ,1:!0 
T 1 (1, 01 






F:ESOLUT ImJ �1ATR I X: 
FIXED PARAI'IETER 
0.51 
0. 14 o.oc:. 
-0.03 -0.1)4 0. 77 
o. o:=: -o. (14 0.07 
-1). 4:) -0. 13 0.03 
(1• 01 (). 11 o.oo 


































































I . . .. I· . . . 
9. 05 M 
·_. I· 
I 
· .171. M 
1 . !'�it . I I I I I IIIII I "' I .I IIIII I I I I IIIII I I I I .. ..I %�·'·E,RROR: .4 .07 
-5 : ;_4 
10 . 10 . 0. 001 0. 01 
TIME (SEC) 
. CAi�J[BRA T ION: 1 
0 . 1 Of.f:�ET: . 150 M R�M.P: 180.0 
HlaCkhawk Geosciences 
. • i. 





























26.41 2"3. (t 
1 :l. 21 7' • 1 
921.40 170.('; 
7' · ::�L· 
T If"IES DATA 
s. 90E>:-os 1.71E+02 
1 .lOE-:-04. J .42E+02 
1 . 40E -04 ·1.19E+02 
1. 77E-04 1 . 0 7E+02 
2. 20E-04 1. 01 E+o:::· 
2.<::.0E-04 9.74E+Ol 
3. '5':JE -04 9.87E+Ol 
4 . .43E-04 1. O.OE+02 
5.64E-04 1 . 0 1 E+02 
7. 1 3E-04 9.94E+O l  
g,S 1 E.,..04 9.2:::lE+01 
1 . 1 oE� o3 8.44E+0 1 
1.41E-03 7.34E+01 
1.80E-03 6.29E+Ol 
2.22E-03 s. :12E +01 
2. (;':;E -03 4.67E+0 1 
:3. :�:)E -CJ3 3.77E+Ol 
3.6C:E-03 4.11E+Ol 
4. 4·3E -03 3.34E+ Ol 
:�. 64E-03 2.96E+01 
7. 1 3E-03 2.69E+Ol 
2-.�.lE-03 2•4':,E+Ol 
1 • 1 OE- 02 ;2.23E+01 
1 .41E-02 2. 1 0E+Ol 
1.80E-02 1 .9SE+Ol 
:} . 22E-02 1.89E+Ol 
(1 ("t-- :�� c:, 
ELEV A T I ON 
<Ml tFEET) 
1 s:: c.> Q L) ,.. • � 623.0 
1 t,�}. E; :14 7. 4 
1 :)7. g :d 7. 7 
- 13.0 '-42.7 
CALC % ERROR 
1_. 70E +02 . . ·o. ?O:::l 




9.84E+01 -t). 94:; 
9.87E+ 01 ().078 
1.00E+02 . 0. 34 7 
l.01E+02 -0. 106 
9. 8 4E+O l 1. 03:1 
9.24E+01 -0. 101 
8.3':1E+01 1. 078 
7.20E+Ol 2.041 
6.16E+01 2.130 
5.3:,E+01 3. 160 
4.57E+0 1 2.3 70 
4.00E+01 -:), 7:).?, 
3.96E+01 3.739 
::. :�2E+O 1 -�,-. 172 
3. 1 0E+Ol -4.371 
2.76E+Ol -2. :32.� 
2. :,oE +01 ,.2,269 
2.28E+01 .-, r)r) � - L • LL.•._, 
2.07E+Ol 1.196 





0.6 1 . :l 
0.2 1. 7 
STD ERR 
.. - -� . - ·.�,.. . ..... __ ...... ·�- -- . 
R: 1 :�o. )( : 0. V: 150. DL: 3()0. REO: 167; CF: 1 • 0000 
CLHZ ARRAY, 26 DATA POINTS, RAMP: 180.0 MICROSEC, DATA : 00-36 
RMS LOG ERROR: 1.73E-02, ANTILOG VIEL OS 
LATE TIME PARAMETERS 
4' Blackhawk Geosciehces 
PARAr'lETER RE:�;OLUT l CiN i·1ATR 1>-;: 
"F" nr Ar�s 
p 1 (!,t;6 
p 2 1). 21 
P 3 - c�. c)�' 
F' 4 (J,(:J 
T 1 (.1. (.1 ::-{ J 




(1.()1 -(,1 . • 01 
-o.::-:·3 -o.r:(. 
-0. 17 -0. ()?, 
Cl. s··;� 
n n·�· 
� . . - � 
0 ,I")() 
l). 6(1 
0.34 0. :? 1 
4. 0722 �� 
* 
�:1 _J_ !1 
,•.�.".) • l) ( (l l I -;:: l) I I 
!ld t:d _.j 




















·-· - -· -:··- -· ;- ·---- -: -------
10 4 � 
I 1000� 






















I I I 
.� 
























! .. ··.: 
· ,  
l 
2403 M 
. 18 0 9 M 
2000 M 
I 
% ERROR: 6096 
CALIBRATION: 1 
0 1 OFFSET: 150 M 
· 




nODE:L: 4 'LAYE�:::: 
RESISTIVITY THICKNESS 
C (IHr-J-�1) (11) 






1 ;:) . 7' 
2(H). 3 
DATA 
: -.� < :: - �� -? 
ELEVATION 
CM) <FEET) 
20:l. 1 673.('1 
18 1.).8 :,7'3. 1 
161.'? s:::1.2 
-�t;. � -12s.s 
CALC % ERROR 
CONDUCTANCE (S) 
LAYER · TOTAL 
1.6 1 . �. 
1.9 3.4 
_()_.:2 .-·3 .6 
·- ' -
STD ERR 
1 t· . •  9ClE -OS 
0 '  
<-. 1 .lOE-04 
':> 
�' 1 . 40E -(l4 
1.63E+62 1.61E+02 
1.:22E+o2· -··. 1� t9E+02 
9 : 00E+01 8.6�E+Oi . ·�:���;; .   
4 1. 77E-04 6.77E+01 
5 2.20E-04 :�.4t.E+01 
6 2.80E-04 4.49E+01 
7 3. :,:,E -04 3.91E+01 
e. 4.43E'""04 3.62E+Ol 
9 :, . 64E-04 3.4bE+Ol 
10 7. 13E -04 3.60E+01. 
1 1 <: .  olE-04 3.73E+Ol 
12 1 • 1 OE -03 4.11E+Ol 
1 .-, 
.l ·:l 1.41E-03 4.64E+01 
14 1.80E-03 '5. OOE+Ol 
1 =· L'. 22E-03 s.o2E+Ctl 
16 2.S3E-03 4�36E+Ol 
17 �!. :�:JE -()3 3.:�7E+01 
18 4.43E.,..03 3.11E+Ol 
l S' :) . c,4E -c.\�� 2.63E+01 
20 7.13E-03 2.29E+Ol 
21 e..e.:E-03 2.03E+Ol 
22 1 .1 OE -02 1.80E+Ol 
23 1.41E-02 1.64E+01 







































-2. ':d 2 
-2-.026 
.2.871 
· t .. SlO 
R: l':d). r.:: 0. V: l':.C:r. DL:_ 300. REG: 167. CF: 1•0000 
CLHZ .ARRAY, 24 DATA POINTS_, RAMP: 180.0 MICROSEC, DATA: 00�37 
RM:3 l,..OG �F�ROR: 2.'7'2E-02_, MJTILOG YIELDS 
LATE TIME PARAMtTERS 
�· 
F'ARAf1ETE F: 
II F" 11E M�::; 
p 1 0.79 




p 4 (). ()2 
T 1 r). (_14 
T :? -0 ,(16 
T �! -(.1. (.; 1 
p 1 
Black�awk Geo�ciences 
RESOLUTION 1'1ATRI>: : 
FIXED PARMlETER 
0.32 
(J. 00 o.oo 
o.o3 �o.o1 (). 7i;_, 
-(L24 �0.01 0. (!6 
-0.27 �O.(Jl (1. 04 
0.04 (1 , l�l 1 0. (14 
p '.> p � I=> II 
(::. ::�; 





T 0 T � 
t). 9:�·96. %. 
* 
______ : ______ , ____ , __ _ 
00-38 














UJ 10 a: 
<( 
a.. 
a.. �· \ <( 
1, \ 1 
I I I I I IIIIJ I I I I IIIII I I I I IIIIJ 
-5 -4 
10 10 0.001 0.01 
TIME (SEC) 
MODEL: 
I 49.3 I 
OHM-M. 26.2 M 
1 I 15.6 OHM�M 24.9 M 
962. I 
OHM-M 152. M 
2.68 I 
OHM-M 55.5 M 
.I 
. I 5.64 OHM-M 
I 
.-�T rTTTT) 
X ERROR: 5 . 40 
Q 1 CALIBRATION: 1 • OFFSET: 150 M 
RAMP: 180.0 
Blackhawk Geosciences 







































1 : •• 64 
S'C,l . 84 
�� . c:, �=) 
:�. t,4 
T H 1ES 
(· . •  '7'0E -O:i 




2. c>OE -04 
3. :,:)E- ()4 
4.43E-04 
:, . 64E -04 
7.13E-04 
(·� . (; 1 E-()4 
1. 1 OE -03 
1.4 1E-03 
1 • .  s:;oE-03 




: •. 64E-03 
7.13E-03 
���. e 1 E - CJ3 
1. 1 OE -02 
1 .4 1E-02 
1.80E-02 
�:'. 22·E -02 
2. E;:,E -02 
3 . .:.oE -02 
4 .4S'E -02 
:, . 70E -(12 
L' 6. 2 
24. �\ 






1 . 1 �·E +02 
9. 73E+Ol 



















1 • o.:;E +o 1 
1.02 E +Ol 
9. :>�.'E +00 
9.04E+OO 
8.7bE+OO 
8. C.E;E +00 






-�:2 � S• 























1 . 3 tE+0 1 
1 .23E+Ol 
1.13E+Ol 
1 . 0 4E+01 
9.69F+OO 
9.11E+OO 













c Q .. -,..., _1. (_J..:.:.' 
:.:; • 353 
















--4 . C1:�t) 
-1.89.3 
-1. 76A 
- 0 . 763 
1.7.37 
C' ..-)C: ·� �J ... L.._l, .... .J 
CONDUCTANCE CS> 
LAYER TOTAL 
0. :, o.s 





R: 150. X: 0. V: 1:10. DL: 300. REO: 167. CF: 1.0000 
CLHZ ARRAY, 29 [lATA F'CJINTS, RM1F': H;O.O t·1JCRCJSEC, DATA: 00-3b 
RMS LOG ERROR: 2.28F�02, ANTILOG VIELDS 
L?i TE T H1E F'AFiAf'1ETEF-:::; 
t Blackhawk Geos(iences 
F'_AF:Ai'iETEF: F:E·:;CJL_LIT1CirJ f·iATRl>:: 
"F'' tlEAr'J':, FIXED F-'AF�Af·if:TER 
�· J (J • r. �: 
p ';> ,·, . 1 ·:·, () .  i,'�' 
:) . 4022 �:: 
�' 
• ·  . 





zr1 · 0 











17 d s d 
tt. 
· t)-1)1) • 0 
1;0. (I [ 0. 0 
1.�(). 1._1 (-=-.l�j. ()-
<;(). (l [ 0. ()-
·�·1) i ! I I I) I) 
z. d 
Ut) '0 
t� IJ ' (l 
�-�tl 
• n­
,:;.cl , 1 
,� � l 
' l I · ·-
(I' ii 
r d 
t'ii). 0 li 1 
10'0-�: l 
·: '·· '0·-· L 
... 1 '0 L 1.,;
; • (l .1 ,.J 
ill 1 •• 1·· t d 

























� I ·I I I I 24.1 
OHM-M 11.6 M 
i 1000� � 224. 
>-
100 1 OHM-M 171. M 1-H I > H 1-
Cf) 
H � �- 17.7 Cf) U:J OHM-M a: 
1-
z 
LLJ 10 a: 
<t 
a. 
a. � \ <( 1 L __ -� % ERROR: 4.66 
-5 -4 CALIBRATION: 1 
10 10 0.001 0.01 0. 1 OFFSET: 150 M HA'MP: 180. 0 
;;:, TIME (SEC} Blackhawk Geosciences 
































223 • 6L) 
17.74 
TH1ES 










t . . E".lE-04 
1 • 1 OE -03 




3. �):)E -(13 
4.43E-03 





1. 8 0E-02 
2. 22E-02 
2. ,:ssE �o2 
?..60E-02 
11 . 6 
170.8 
DAT A 
2. E;OE +02 
2. 64E+02 
2.53E+02 
2 . 41E+ 0 2 
2.26E+C2 
2.04E+02 
1. t;4E +02 
1.64E+02 
1.4 0E+02 










3 . 73E+0 1 
·3. 3'9E +() 1 
3.07 E+O l 











CALC � ERROR 
2. 90 E+02 -3. Cl32 
2.66E+02 -0.808 
2.47E+02 2. 5�·2 
2.33E+02 3.39':) 
2 . 20 E+02 2.518 
2.04E+02 0 . 136 
1 . �;4E +02 -o.oo5 
1.64E+02 -0. 15':, 
1 . 41 E +02 -1 . 267 
1.21E+02 -1 . :,:Jl 
1. o:.E +02 -3.687 
9.12E+01 -::�.429 
7.79E+01 -1. T?8 
6. ?t.E +01 0.969 
6.01E+01 5.429 
:�.33E+01 4.579 
4. 7.�·;E +0 1 2.647 





2.98E+Ol .,.4. 4':)3 
2.82E+01 -6. 59:) 
2.69E+01 1 .884 
2.56E+01 .,.-}, 430 






R: 1 ':10 • X.: 0. Y: 1 50. DL : 300. REG:: 16 7. CF : 1 • 0000 
CLHZ ARRAY, 27 DATA POINTS, RAMP: 180.0 MICROSEC, DATA: 00-39 
RMS LOG ERROR: 1.98E-02, AN TILOG YIELDS 
LATE TIME PARAMETERS 
t E: 1 a c k h aLi k G eo·; c i en c e s 
PARAMETER RESOLUTION MATRJX: 
''F II MCMl3 F I XE[I PARAi1ETER 
p 1 (1,76 
p :;: - ('t • 1 :, () • {:_� 1 
p -�; (1. (1(1 (J. (lf) 1 • 00 
T 1 -0.37 - 0 . ?8 0.00 0.40 
1 2 l·:,(q (l,!i4 o.oo (1,1)7 (:,•;>9 
F' 1 F• ·:;• F) ":> ,_) : 1 T ·? 
4. 6646 % 
* 
-------------------















10� .. UJ a: 


















OHM-M 43.4 M 
195. 
OHM-M 117. M 
7.77 
OHM-M 238. M 









r·i(_I[IEt.:- -4 LA\'ER�; 
RESISTIVITY THICKNESS 
( oH;·:-r·;! un 
�:.4 . ·;•4 
1 9':J. 13 
1 " 



























-.., � -. 
I • ( I 
•)C: c -, 
"- _1 • _I { 
TIMES 


























116 . c:. 
2.::·7. �) 
DATA 




2 .  2:)E+t)2 


















































1 • 60E +C'l 
1.':,4E+Ol 
J . :, 2 E + Ol 
�!21. (.1 
l7t;. 6 







1 • 44:'• 
-1. 2C12 
-1 . :,83 
-1. :8':• 




1 . :,6(! 
2. 2:?��3 














C•. t, l . ::. 
30.6 �� 1 . 8 
�;TD ERR 
R : 1 :, C • X : 0 • \' : 1 :) 1}. [I L : 3 0 0 • R E 0 : 1 6 7 • C F : 1 • 0 0 0 0 
,-LH7 A·R•R•l'.\,.. ·�;c::, [ILT-A• F'( .
. J.lhJT•:· [:.At--11P• 1�'r1 () t·11L�·r·nc-E(- [Ji· TA'  i')(.J-4() \..· � _ . n t , ._ _ 11 • . 1 ._) , �\ 1 . r • J t..' ._, •. ..· . r, �· . ._1 ._. , n •. '-· _ _ 
RMS LOG ERROR: 1.13E-02, ANTILOG YIELDS 
LATE TIME PARAMETERS 
* BlackhaL.Jk Geo'=.cien·:e-::. 
PARAMETER RESOLUTION MATRIX: IIFII �lEAi\1'3 
p 1 l1, '7'7 
F· ·.7: - (J • r�.� f.� 
F· :�: (l. \_)lJ 
F· :� 1-i • (il 
T J - : : • �-�) ::!, 
T - :�·�. :·. :4 .. _ 
I 
-
:"! a (') 1 •·. 
FIXED PARAMETER 
(J. ::�3 
-f). 0 1 1 • (.1() 
- (1 , (13 - f1 , ('1 J (I , f._,';' - ("1 , :.:9 (! , (I() (I • 1: I 1 0 , t b 
C . 1 C• 1) • 0 l_l r) • (11) 0 . l 4 
- ( !. () ":: -r"l,(!l -(1.1'"·' (1.1.-.t{:l 
(1 C\··) 
·.· . .· ._) 
(l , () (1 (I , 9 4 





...J - I i 10001 
� 
>- � 





























� .. 1 I I I I 1111�1 I I "'"I I I I ""'I I I I 111111 % ERROR: 4.12 
-5 -4 CALIBRATION: 1 
1 0 1 0 0 . 0 0 1 0 . 0 1 0 . 1 OFFSET: 150 M RAMP: 180.0 
TIME (SEC) Blackhawk Geosciences 
l 


















1 ·:;> . ' 
14 
'7' :_· • .:� ·� 4c: c,c;_, 
._\ . ' ,• 
.:..· ·:· \..• �-� • _I 1_• 
1Ir·1E::; 
8. S'OE -o�� 




















R: 150. X: 
122.1 





2. o:�E +02 
1 . ���2E +02 




1. 07E +02 
9.69E+01 
9.o:�E+0 1 













,• c: ,-1 t:,_l. 7 






::.� • 23E +(r2. -4.405 
2.76E+02 -,2.032. 
2.33E+02 1.8>63 
2.01E+02 1. (;09 
1. 77E +O:i.' 2.746 
1 • ':16E +02 1. 61/3 
1 • :::9E +O:i' ] . 4] 3 
1.28E+02 0·843 
1.18E+02 -0. 7:·)4 
l.09E+02 -1. ?E: 
1.01E+02 -4. 2:d 
9.2SE+01 -2.240 




4.69E+01 -3. 160 
4.10E+01 -3. 212 
'3. :)6E +0 1 -::;. 28tl 
3.13E+Ol 1. :)90 






:.: • 1 
·:;T [} ERR 
REG:: 167. CF: 1.0000 
( c· \ ,__J . 
TC:TAt. 
1 • :3 
4.4 
CLHZ ARRAY, 
0. 'l : 15U. DL : 300. 
21 DAT A POINTS, RAMP: 1 [:',(l. 0 �11 CRCISE C, DA i A: 00--41 
RMS LOG ERROR: l.?SE-02, ANTILOG YIELDS 
LATE TIME PARAMETERS 
* Blackhawk Geoscien(es 
F'ARAf"lETEf\' RE:::OLlJTION MATRl\: 
"F" !'1E ANS 
F' 1 (,1. S'2 
p ·�· L. o.o1 
F-' �� o.on 




0.32 0.04 0.54 
T 2 -(1. (:7 -0. 1 0 (). 1 :) (_!. �·.:(J 
F' 1 P ·�· P r..) .:;. T 1 
(:t. t:\3 . 
T 2 
4.1167 \ 
* 
